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INTRODUCTION 
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1 . 

This  document  reports  the  work  completed  under  Contract  No. 
DNA001 -75-C-0040  by  Meteorology  Research,  Inc.  (MRI)  during  the 
fiscal  years  1975  and  1976. 

MRI  supported  Defense  Nuclear  Agency  (DNA)  and  Air  Force 
Cambridge  Research  Laboratories  (AFCRL)  in  HEART,  SAMS,  and 
FLAME  hydrometer  sampling  programs  at  Wallops  Island,  Virginia. 
This  support  consisted  of  a leased  Cessna  Citation  jet  aircraft 
specially  inst  rumented  and  operated  by  MRI  for  the  testing  period. 
The  instrumentation  included  a programmed  INS  leased  from  Litton 
Aero  Products  and  modified  for  the  HEART  sampling  missions. 

Data  analysis  consisted  of  a "Quick-Look1  report  issued  within 
72  hours  of  an  operation,  preliminary  data  summaries,  and  final 
mission  reports. 

An  additional  scientific  task  was  undertaken  at  the  request  of 
AFCRL/DNA.  This  task  involved  the  review  of  C-130  and  Citation 
PMS  data  for  the  purpose  of  evaluating  the  operation  of  particle  si/.c 
spectrometers.  This  work  is  reported  in  Report  No.  DNA  3991  F. 
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2. 


LEASE  CITATION  N51ICC 


A lease  was  negotiated  with  Alpine  Aircraft  Charters,  Inc., 

Denver.  Colorado,  guaranteeing  exclusive  use  of  Cessna  Citation 
NS  1 ICC  beginning  on  16  November  1974  and  terminating  on  IS  April 
1975.  An  option  to  extend  the  lease  was  included  to  allow  for  the 
possible  extension  of  test  operations  beyond  the  scheduled  termination 
date  of  31  March  1975.  On  26  March  1975,  MRI  received  a TWX 
from  DNA  extending  the  HEART  program  to  allow  missile  DW8  to  be 
launched  through  suitable  weather.  The  new  program  cutoff  date  was 
extended  to  30  April  1975  and  the  Citation  lease  was  extended  accordingly. 

Alpine  Aircraft  Charters,  Inc.  maintained  the  aircraft,  avionics, 
engine,  and  subsystems  and  performed  all  routine  maintenance  inspec- 
tions as  per  the  lease  agreement.  Maintenance  work  performed  on 
the  aircraft  was  scheduled  so  as  not  to  impact  test  operations,  and 
was  supervised  by  the  full-time  copilot/crew  chief  provided  under  the 
aircraft  lease  agreement. 

Insurance  coverage  was  provided  by  Alpine  Aircraft  Charters, 

Inc.  and  the  cost  included  in  the  lease  price  of  the  aircraft.  Per  the 
DNA  contract  work  statement,  the  following  minimum  amount-  of 
insurance  was  provided: 

a.  Aircraft  Hull  Insurance  - full  coverage 

b.  Bodily  Injury,  other  than  passenger  liability  - $250,000 

c.  Property  Damage  - $500,000  per  accident 

d.  Passenger  Liability  - $100,000  per  passenger 

A copy  of  the  certificate  of  insurance  is  included  in  the  Bi- 
monthly Report  dated  13  January  1975,  Supplement  No.  1-1  Appendix  B. 


The  lease  provided  for  unlimited  usage  of  the  aircraft  during 
the  period  of  the  agreement.  A list  of  all  flights  of  the  Citation  is 
provided  in  the  Bimonthly  Reports,  see  Supplement  No.  1. 

An  MRI  program  manager  maintained  close  contact  with  Alpine 
Aircraft  Charters,  Inc.  to  ensure  all  lease  provisions  were  ac- 
complished and  all  necessary  maintenance  was  performed  on  the  air- 
craft. All  invoices  were  examined  and  flight  time  charges  were 
verified  with  any  conflicting  items  being  resolved. 
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3. 


CITATION  CREW  AND  AIRCRAFT  SUPPORT 


A consulting  agreement  was  negotiated  with  a Citation  rated 
captain  to  be  available  to  support  all  HEART  and  FLAME  operations, 
associated  meetings,  briefings,  and  alerts  throughout  the  deployment 
period  at  Wallops  Flight  Center,  Virginia.  The  Citation  captain, 
copilot/crew  chief,  and  instrument  operator  were  permanently  relocated 
to  the  vicinity  of  Wallops  Flight  Center  and  remained  there  for  the 
duration  of  the  program. 

The  MRI  program  manager  and  sensor  technician  were  available 
on  an  as -needed  basis.  The  program  manager  monitored  the  following: 

a.  Activities  of  the  crew. 

b.  Status  of  the  Citation  aircraft  and  its  instrumentation 
package . 

c.  Procuring  and  shipping  consummable  and  crew  support 
items  as  they  were  needed. 

d.  Arranging  the  replacement  of  crew  members  as  the  need 
arose. 

e.  Closely  monitoring  the  packaging,  shipment,  and  receipt 
of  data. 

f.  Handling  customer's  requests  for  special  services 
as  the  need  arose. 

All  consummable  supplies,  spare  parts,  and  maintenance  kits 
required  to  operate  the  Citation  aircraft  and  its  sensor  package  were 
procured  and  shipped  to  Wallops  Flight  Center  and  used  as  needed 
throughout  the  program.  An  MRI  program  manager  was  in  daily  contact 
wi  h the  support  crew  and  any  needed  supplies  or  spare  parts  were 
shipped  as  soon  as  possible.  In  this  way,  the  aircraft  and  every  part 
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of  the  sensing  package  was  available  for  program  support  in  a 100  percent 
ready  condition  almost  constantly. 

One  foil  impactor,  MRI  Model  1220A,  and  one  MRI  portable 
instrument  package  were  provided  for  the  duration  of  the  program. 


4. 


DATA  ANALYSIS 


Three  types  of  reports  analyzing  the  data  were  submitted  for  DNA 
to  AFCRL.  A "Quick- Look"  report  was  issued  within  72  hours  after  an 
operation,  reviewing  the  aircraft  and  sensor  performance.  A Prelimi- 
nary Data  Summary  was  delivered  within  one  week  after  the  operation, 
which  contained  estimates  of  the  ice-water  content  and  homogeneity 
profiles  based  upon  nominal  size-mass  tables.  The  final  report  discussed 
the  results  of  the  replicator  tape  analysis  in  detail  and  contained  final 
size-mass  tables,  number  density  spectra  and  ice-water  content  homo- 
geneity profiles.  The  dates  these  reports  were  issued  are  included  in 
the  following  table.  Copies  of  these  reports  are  included  as  Supplement 
No.  2. 


MRI  CITATION  FLIGHT  OPERATIONS  AND  DATA  SUMMARY 


Note  1:  No  holograms  were  available  from  SAI  for  comparison  with  the  Formvar  replicator 

photographs  prepared  from  this  mission. 


LEASE  Of'  LITTON  LTN-51  INERTIAL  NAVIGATION  SYSTEMS 


5. 

A lease  agreement  was  negotiated  with  Litton  Aero  Products 
providing  full-time  use  of  two  Litton  LTN-51  inertial  navigational 
systems  for  the  entire  length  of  the  contract  period.  A semi-annual 
(six-month)  lease  was  negotiated  due  to  the  cost  savings  compared  to  a 
monthly  lease  for  five  months.  A copy  of  the  lease  agreement  is  included 
in  the  Bimonthly  Report  dated  13  January  1975,  in  Supplement  1-1,  Appendix  C. 

One  INS  was  installed  in  the  Cessna  Citation  research  aircraft 
and  the  other  in  the  Navy  P-3A  located  at  Jacksonville,  Florida.  Included 
with  both  LTN-51  systems  was  a special  leased  pallet  equipped  with  dual 
inverters  and  designed  to  adapt  the  INS  installation  to  aircraft  such  as 
the  Citation  and  P-3A.  In  accordance  with  the  lease  agreement,  Litton 
Aero  Products  supplied  emergency  batteries  designed  to  fit  the  pallet 
assemblies  whichensured  continued  INS  operation  in  the  event  of  any 
temporary  electrical  power  interruption. 

The  leases  provided  for  insurance  against  all  risks  of  loss  or 
damage  from  every  cause  for  full  replacement  value,  as  well  as  public 
liability  including  personal  injury  and  property  damage. 

Field  service  support  by  Litton  Aero  Products  was  included  in  the 
lease  and  on  1 May  1975,  the  LTN-51  inertial  navigation  system,  including 
the  INU,  CDU,  MSU,  battery,  and  pallet  assembly,  was  removed  from 
the  Citation  aircraft  at  Cable  Airport,  Upland,  California.  The  following 
day,  2 May,  it  was  delivered  to  Litton  in  Woodland  Hills,  California. 

The  INS  aboard  the  Navy  P-3A  aircraft  was  removed  by  Litton  field 
service  personnel  on  4 and  5 April  1975  in  Denver,  Colorado. 

Both  inertial  navigation  systems  were  in  good  condition  when  received 
at  Litton's  factory  and  letters  to  this  effect  are  included  in  the  Bimonthly 
Report  dated  15  June  1975,  Supplement  No.  1-4,  Appendix  B. 


10 


An  MRI  program  manager  administered  the  provisions  of  the  lease 
agreements,  reviewed  all  invoices,  and  resolved  any  conflicting  items. 
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6. 


INS  NAVIGATION  SYSTEM  FOR  HEART  AND  FLAME  PROGRAMS 


For  the  HEART  and  FLAME  programs,  MR1  developed  special 
hardware  and  software  for  use  with  the  Litton  LIN-51  navigation  system. 
A contract  was  set  up  with  Litton  Aero  Products  to  write  special  software 
which  would  allow  the  MRI  Citation  and  P-3A  aircrafts  to  "storm-follow" 
while  making  their  post  reentry  data  sampling  runs.  When  the  -entry 
vehicle  reached  the  pierce  point,  the  mission  start  switch  was  activated 
and  the  software  propagated  the  coordinate  system  as  the  reentry  tra- 
jectory penetrated  the  storm.  A complete  description  of  the  program 
and  its  operation  is  included  in  Bimonthly  Report  MRI  75R-1327  dated 
15  April  1975,  in  Supplement  No.  1-3. 

MRI  also  developed  a display  system  which  accepts  the  LTN-51 
track  angle  error  (TKE)  three  wire  synchro  signal  and  conditions  it  to 
drive  a control  transformer  display.  The  electronics  and  control 
transformer  comprises  an  off-the-shelf  unit  which  has  been  mechanically 
modified  to  allow  an  unambiguous  steering  command  to  be  displayed 
in  the  cockpit. 

With  the  special  LTN-51  software,  the  track  error  display  need 
only  be  kept  at  zero  by  aircraft  steering  to  bring  the  aircraft  to  the 
desired  sampling  points.  These  systems  were  installed  in  the  MRI 
( itation  and  Navy  P-3A  aircrafts. 

A special  electronic  interface  was  designed  and  fabricated  by  MRI 
which  interrogates  the  LTN-51  serial  data  bus  and  converts  it  to  a 
parallel  BCD  format  compatible  with  the  Buffer  Memory  Systems.  The 
unit  was  installed  on  the  MRI  Citation  and  P-3A  aircrafts. 
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7.  INSTALLATION  OF  SA1  HOLOGRAPHIC  CAMERA 

On  24  June  1974,  the  MRI  Citation  was  issued  approval  by  the 
Federal  Aviation  District  Office  at  Teterboro,  New  Jersey,  for  the 
installation  of  the  SAI  Holographic  camera,  This  installation  included 
an  instrument  table  inside  the  aircraft  for  the  cooler,  the  power  supply, 
and  the  control  electronics.  The  ruby  laser  and  70  mm  film  magazine 
were  bracketed  off  the  interior  aircraft  structure  and  a special 
aluminum  plate  window  was  fabricated  to  accept  the  transmitting  and 
receiving  probes. 

A complete  set  of  FAA  documents  for  this  installation  as  well  as 
the  engi neering  documentation  and  drawings  is  presented  in  MRI 
Bimonthly  Report  MRI  75R-1327,  a copy  of  which  is  included  in 
Supplement  No.  1-3. 
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1. 


INTRODUCTION 


This  document  reports  on  the  progress  made  under  Contract 
DNA001  -75-C-0040.  The  report  covers  the  period  from  1 October  19"-* 
through  30  November  1974. 

MRI  is  supporting  DNA  and  AFCRL  ir  HEART,  SAMS  and  FRAME 
hydrometeor  sampling  programs  at  Wallops  Island,  Virginia.  Part  of 
this  support  is  an  MRI  instrumented  and  operated  Cessna  Citation  sampling 
aircraft  leased  for  the  five  month  test  period  16  November  1974  through 
15  April  1975.  The  instrumentation  includes  an  INS  leased  from  Litton  Aero 
Products  and  modified  specifically  for  HEART  sampling  missions. 

This  report  discusses  the  progress  of  the  Citation  lease,  the  INS 
lease,  Citation  flight  time  and  flight  crew  transpo ration,  accomodations 
and  coordination  activities. 

2.  PROGRESS  IN  PRINCIPAL  TASK  AREAS 

2.  1 Lease  Citation  N511CC 

2.  1.  1 Lease  Agreement 

A lease  was  negotiated  with  Alpine  Aircraft  Charters,  Inc., 

Denver,  Colorado,  guaranteeing  exclusive  use  of  Cessna  Citation  N511CC 
beginning  on  16  November  1974  and  terminating  on  15  April  1975.  An 
option  to  extend  the  lease  was  included  to  allow  for  the  possible  extension 
of  test  operations  beyond  the  presently  scheduled  termination  date  of 
31  March  1975. 

A copy  of  the  lease  agreement  is  included  in  Appendix  A. 

2.1.2  Maintenance  and  Repair  of  Aircraft  Systems 

The  lease  agreement  specifies  that  Alpine  Aircraft  Charters,  Inc. 
will  maintain  the  aircraft, avionics,  engines,  and  subsystems  and  perform  all 
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routine  maintenance  inspections.  Maintenance  work  done  on  the  aircraft 
will  be  scheduled  so  as  not  to  impact  test  operations. 
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Z . 1 . f Copilot/Crew  Chief  Support 

In  accordance  with  the  lease  agreement,  Alpine  Aircraft  Charters, 


Inc.  will  provide  a full-time  copilot/crew  chief  to  support  all  operations 
during  the  lease  period. 


Z . 1.4  Insurance  Coverage 

Insurance  coverage  is  to  be  provided  by  Alpine  Aircraft  Charters, 
Inc.  and  the  cost  included  in  the  lease  price  of  the  aircraft.  'I  he  insurance 
coverage  will  be  in  the  following  amounts. 


a.  Aircraft  Hull  Insurance  - full  coverage 

b.  Bodily  Injury,  other  than  passenger  liability  - $Z50,  000 

c.  Property  Damage  - $500,000  per  accident 

d.  Passenger  Liability  - $100,000  per  passenger 
The  certificate  of  insurance  is  included  in  Appendix  B. 


Z. 


i Aircraft  Flying  Time 

The  lease  provides  for  unlimited  usage  of  the  aircraft  during 
the  period  of  the  agreement. 

Z.  c Secure  Approval  of  Lease 

Lease  negotiations  for  securing  both  the  aircraft  and  copilot/ 
crew  chief  began  October  1,  1974  and  were  concluded  before  16  November  1974. 
Sim  <•  this  predated  the  contract  award,  no  formal  approval  of  the  lease  by  DNA 
was  possible.  However,  all  conditions  were  in  accordance  with  pre-contract 

dis i us  s ions. 


2.  5 


oordination  of  f ield  Operations 

1 he  ivlRI  program  manager  is  maintaining  close  contact  with  DNA 


and  other  government  agencies  to  assure  full  co-ordination  of  all  aircraft 

o pe  rations . 
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2 . 4 Administer  Citation  Lease 

The  MRI  program  manager  is  maintaining  close  contact  with 
Alpine  Aircraft  Charters,  Inc.  to  assure  all  lease  provisions  are  being 
accomplished  and  all  necessary  maintenance  is  performed  on  the  aircraft. 
Invoices  are  examined  and  flight  time  charges  are  verified  with  any 
conflicting  items  being  resolved. 

2.  5 Lease  Litton  LTN-51  Inertial  Navigation  System 

2.  5.  1 Lease  Agreement 

The  lease  agreement  negotiated  with  Litton  Aero  Products 
provides  full-time  use  of  a Littion  LTN-51  inertial  navigation  system  for 
the  entire  length  of  the  contract  period.  A semi-annual  (6  month),  lease 
was  negotiated  due  to  the  cost  savings  compared  to  a five  month  period  on 
a monthly  cost  basis. 

2.  5.  2 Pallet  Assembly 

A special  pallet  assembly  equipped  with  dual  inverters  and 
designed  to  adopt  the  Litton  LTN-51  installation  to  aircraft  such  as  the 
Citation,  is  included  in  the  lease  and  has  been  installed  in  the  Citation. 

2.  5.  3 Emergency  Battery 

In  accordance  with  the  lease  agreement  Litton  Aero  Products  has 
supplied  an  emergency  battery  designed  to  fit  the  pallet  assembly  which 
assures  continued  INS  operation  in  the  event  of  any  temporary  electrical 
power  interruption. 

2.  5.  4 Insurance 

The  lease  provides  for  insurance  against  all  risks  or  loss  or 
damage  from  every  cause  for  full  replacement  value  as  well  as  public 
liability  including  personal  injury  and  property  damage. 
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2.  5.  5 


Installation  and  Removal 


In  accordance  with  the  lease,  Litton  Aero  Products  is  providing 
field  service  support  for  the  complete  installation,  checkout  and  removal 
of  the  INS  from  the  Cessna  Citation  Aircraft. 

2.  6 Administer  INS  Lease 

An  MRI  program  manager  is  administrating  the  provisions  of  the 
lease  agreement,  reviewing  all  invoices  and  resolving  any  conflicting  items. 

?.  7 Flight  Crew  Transportation  and  Accommodations 

Accommadations  have  been  secured  in  the  vacinity  of  Wallops 
Island  for  the  Citation  captain,  copilot/crew  chief,  and  instrument 
ope  rato  r . 

3.  SUMMARY  OF  CITATION  FLIGHTS 

1 November  9.0  Ferry  aircraft  from  Cessna 

maintenace  facility  in  Des 
Moines  to  Los  Angeles 

4 November  0.4  Flight  check 

Total  time  9.  4 Hours 

4.  ACTIVITIES  DURING  THE  NEXT  REPORTING  PERIOD 

During  the  period  from  16  November  1974  through  15  January  1975 
the  INS  will  be  flight  tested  and  the  aircraft  ferried  to  Wallops  Flight 
Center.  The  crew  will  arrive  on  January  6,  1 ;75  and  be  available  at  the 
request  of  the  program  director  for  support  flights. 
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AIRCRAFT  LEASE 


This  agreement  made  this  15th  day  of  October  1974  by  and  between  Alpine 
Aircraft  Charters,  Inc.,  6200  Plateau  Drive,  Englewood,  Colorado,  80110 
hereinafter  referred  to  as  "Lessor"  and  Meteorology  Research,  Inc.  here- 
inafter referred  to  as  "Lessee,"  is  made  with  reference  to  the  following 
facts,  circumstances,  and  conditions: 

A.  Alpine  Aircraft  Charters,  Inc,  has  available  for  lease  Cessna  Citation, 
Registration  Mo.  M 5 1 1 C C equipped  as  described  in  Exhibit  A,  attached 
hereto,  and  as  so  equipped  being  hereinafter  referred  to  as  "the  aircraft". 
During  the  term  of  this  lease  the  aircraft  will  be  operated  in  Restricted 
Category  due  to  modifications  for  cloud  particle  sampling.  All  modifications 
for  Lessee's  equipment  will  be  made  at  Lessee's  expense. 

B.  Lessee  desires  to  lease  the  aircraft  for  use  in  cirrus  cloud  characteri- 
zation studies,  and  the  Lessor  is  willing  to  lease  the  aircraft  to  the  Lessee 
upon  the  terms  and  conditions  hereinafter  set  forth: 

1.  The  Lessor  does  hereby  lease  the  aircraft  to  the  Lessee  for  a 
period  of  five  (5)  months,  commencing  on  the  day  of  delivery  of  the  aircraft 
at  Stapleton  International  Airport,  Denver,  Colorado  or  at  its  then  current 
location,  at  the  option  of  the  Lessee,  on  16  November  1974  and  terminating  on 
15  April  1975  with  option  to  extend  with  reasonable  notice  to  Lessor.  The 
hourly  rate  and  terms  for  this  extension  will  be  negotiated  prior  to  1 A p r i 1 197  5. 
Lease  of  the  aircraft  to  be  computed  at  $15000.  per  month  plus  $400,  per 
flying  hour.  This  rate  covers  one  crewmember  (co-pilot/maintcnancc  officer) 
Lessor's  cost  for  fuel,  maintenance  and  insurance.  The  rate  without  fuel  will 
be  $350.  00  per  hour.  Reasonable  and  proper  travel  expenses  of  the  Co-Pilot/ 
Maintenance  Officer  will  be  paid  by  Lessee  while  he  is  engaged  in  flight  activ- 
ities for  Lessee  more  than  100  miles  from  Denver,  Colorado.  Payment  for 
meals  and  lodging  will  not  exceed  $25  per  day. 

2.  Lease  payments  will  be  due  in  the  amount  of  $15,  000.  on  the  first 
day  of  the  month  covered  by  the  payment.  The  number  of  flying  hours  flown 
in  each  calendar  month  will  be  determined  by  the  Lessee.  Payment  for  these 
flying  hours  will  be  due  from  the  Lessee  30  days  after  receipt  of  invoice. 

3.  The  aircraft  will  be  delivered  by  the  Lessor  and  accepted  by 
the  Lessee  on  or  nhout  16  November  1074. 
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The  Lessee  shall  be  permitted  to  inspect  the  aircraft  prior  to  acceptance 
to  note  any  deficiencies  of  condition  or  equipment.  Prior  to  acceptance, 
the  Lessor  shall  correct  or  ma..e  mutually  acceptable  arrangements 
concerning  any  deficiencies  so  noted. 

4.  The  aircraft  will  be  returned  to  the  Lessor  by  the  Lessee  at 
Lessee's  own  expense  to  Stapleton  International  Airport,  Denver,  Colorado 
upon  termination  of  this  lease  in  the  same  condition  as  received,  reasonable 
wear  and  tear  excepted. 

5.  The  Lessee,  after  delivery  of  said  aircraft  to  him  and  acceptance 
by  him,  shall  have  exclusive  use  thereof  and  said  Lessee  agrees  that  he 

has  inspected  said  aircraft  will  all  equipment  thereon  as  listed  in  Exhibit 
A attached  hereto,  and  the  aircraft  is  suitable  for  the  purpose  for  which  it 
is  intended.  After  the  delivery  of  said  aircraft  and  Lessee's  acceptance 
thereof,  the  Lessee  shall  be  responsible  to  the  Lessor  that  said  aircraft  is 
kepi  in  iirsl  class  airworthy  condition,  and  said  Lessee  undertakes  and 
agrees  that  said  aircraft  will  not  be  flown  at  any  time  unless  it  is  airworthy 
and  in  first  class  condition. 

6.  The  Lessor,  during  the  term  of  this  lease,  shall  have  the  right 
to  make  inspections  of  the  aircraft  for  the  purpose  of  determining  the 
number  of  hours  the  aircraft  has  been  Town  during  any  given  calendar  month, 
or  for  the  purpose  of  determining  wheather  or  not  the  Lessee  is  complying 
with  the  covenants  made  by  the  Lessee  herein.  Such  inspections  of  the 
aircraft  by  the  Lessor  shall  be  at  the  Lessor's  own  expense.  Hours  of  use 
of  the  aircraft  for  the  purpose  of  this  lease  shall  be  logged  by  the  recording 
Hobbs  Meter. 

7.  During  the  term  of  this  lease,  the  Lessee  shall  pay  the  following 
operating  and  maintenance  expenses: 


NONE 


Lessor  at  Patrick  Henry  Aiport,  Newport  News,  Virginia,  or  at  a Fixed 
Base  so  as  not  to  impact  Lessee's  operational  missions. 

Those  repairs  or  replacements  required  for  normal  operation  of  the 
aircraft  shall  be  first  approved  by  the  Lessor  or  his  agent  if  the  cost  of 
repair  or  replacement  exceeds  $500.00. 

8.  During  the  term  of  the  Lease,  the  Lessor  shall  be  liable  for 
any  Joss  or  damage  to  the  aircraft,  or  the  death  or  injury  pers  ns  and/or 
damage  to  any  property  caused  by  the  operation  of  the  aircraft.  Lessor 
shall  obtain  insurance  as  follows: 

a.  Aircraft  Hull  Insurance  - Certificated  indicating  coverage 

by  Lessor. 

b.  Bodily  injury  other  than  passenger  liability  - $250,  000 
per  person;  $500,  00  per  accident. 

c.  Property  damage  - $500,  00  per  accident. 

d.  Passenger  liability  - $100,  000  per  passenger  with  an 
aggregate  equal  to  the  total  numbei  of  seats  or  passengers,  whichever  is 
greater. 

9.  The  Lessee  may  not  assign  this  lease  or  any  rights  thereunder 
withour  prior  written  consent  of  Lessor. 

10.  In  addition  to  the  forgoing  covenants  made  by  anu  agreed  to  be 
kept  by  the  Lesse,  the  Lessee  does  hereby  covenant  and  agree: 

a.  To  keep  safely  and  use  carefully  the  aircraft  and  not  to 
sell  or  attempt  to  sell  or  assign  or  dispose  of  the  aircraft  or  any  interest 
therein,  or  part  thereof,  or  equipment  necessary  thereto,  or  incur  any 
mechanic  or  other  lien  in  connection  with  repair  or  maintenance  or  storage 
of  the  aircraft,  or  rent  the  same,  without  the  prior  written  consent  of  the  , 

Le  ssor. 

b.  During  the  term  of  this  lease  and  until  the  redelivery  of 
the  aircraft  to  the  Lessor,  to  abide  by  and  conform  to  and  cause  others  to 
abide  by  and  conform  to  all  laws,  ordinances,  orders,  rules,  and  regulations, 
national,  state,  municipal  or  otherwise,  now  existing  or  hereafter  enanctcd, 
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controlling  or  in  any  way  affecting  the  operations,  use  or  occupancy  of  the 
aircraft  or  the  use  of  any  aiport  premises  by  the  aircraft. 

c.  Not  to  permit  the  aircraft  to  be  operated  at  any  time  by 
a person  without  a pilot's  license  or  by  a person  with  less  qualifications 
than  those  required  by  applicable  insurance  policies  covering  this  aircraft. 

11.  This  lease  shall  terminate  should  the  Lessee  or  Lessor  be  in 
default  of  any  of  the  provisions  of  the  lease,  and  should  said  Lessee  or 
Lessor  fail  to  remedy  such  default  within  thirty  (30)  days  after  receipt  of 
notice  from  the  other  party  to  remedy  such  default.  This  termination  of 
the  lease  by  reason  of  default  on  the  part  of  either  party  shall  be  in  addition 
to  any  other  remedies  legally  available  to  the  parties  in  question. 

12.  Any  consent  or  notice  required  or  permitted  to  be  given  by  this 
lease  shall,  in  the  case  of  consent  or  notice  by  Lessor,  be  signed  by  an 
appropriate  officer  of  Lessor's  agent  and  sent  by  mail  to  Lessee  at 
Meteorology  Research,  Inc.,  464  West  Woodbury  Road,  Altadena,  California 
91001,  or  to  such  other  address  as  the  Lessee  may  from  time  to  time 
designate  in  writing  to  Lessor  for  the  purpose,  and  in  the  case  of  consent 

or  notice  by  Lessee  shall  be  sent  by  mail  to  Alpine  Aircraft  Charters,  Inc.  , 

Box  7191,  Denver,  Colorado  80Z07  or  to  such  other  address  as  the  Lessor 
may  from  time  to  time  designate  in  writing  to  the  Lessee  for  the  purpose. 

IN  WITNESS  WHEREOF,  the  parties  hereto  have  hereunto  set  their 
hands  and  seals  the  day  and  year  first  above  written. 

Alpine  Aircraft  Charters,  Inc. 

6200  Plateau  Drive 

Englewood,  Colorado  80110 

By 

J.  J.  Hernandez,  Exec.  V.  P. 

METEOROLOGY  RESEARCH,  INC. 

By 

R.  D.  Wiggins 

Vice  Pres.  Adm.  & Finance 
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AIRCRAFT  EQUIPMENT 

1.  All  equipment  provided  as  "standard"  in  the  Cessna  Citation  Series 
500  when  delivered  from  the  factory  is  to  be  included  and  in  operating 
condition. 

2.  The  instrumentation  and  avionics  will  be  sufficient  to  permit 
operation  to  CAT  LI.  instrument  limits. 

3.  The  cabin  interior  will  be  in  the  passenger  configuration  except 
only  the  two  left  rear  passenger  seats  will  be  installed. 


I 

» 

* 
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CERTIFICATE  OF  INSURANCE 

Daie  July  11,  19  74 

THIS  IS  TO  CERTIFY  that  the  Insured  set  fort  clo'.v  is  at  this  date  insured  with  the  Companyhesi 
as  indicated  under  Policy(ies)  described  in  the  fol'_  mg  schedule. 

DESCRIPTIVE  SCHEDULE 


Insured 

Addtess  of  Insured. 

Locations  Coveted: 
Aircraft:  N511CC 


Alpine  Aircraft  < narters,  Inc.,  et  al 

6200  Plateau  Dr  e,  Englewood,  Colorado  80110 

Western  Hemisphere  - excluding  North  Slope  : : : 


Company 

Poli.  • No. 

Expiration  Date 

Limits  of  Liability 

Aircraft  L »ab*  1 » ty 

Bodily  Injury 
Property  Damage 
Passenger 

Single  Limit  incl . Passenger 
Single  Limit  e*cl.  Passenger 

Argonaut 

Insurance 

Company 

H-4-1244 

1 

4/18/75 

Each  Person  S 

Each  Occurrence  S 

Each  Occurrence  S 

Each  Person  S 

Each  Occurrence  S 

Each  Occurrence  S ^000,000.  *•* 

Each  Occurrence  S 

Airport  Liability 

Bodily  Injury 
Property  Lamoge 
Single  Limit 

• 

| 1 

1 Each  Person  S 

j Each  Occurrence  $ 

| Each  Acc idenf  S 

1 Each  Accident  5 

iH  Hull  - Ground  only 
Halt -Ground  & Flight 

Argonaut 
Insurance  Co. 

r 

j H-4-1244 

1 

| 4/18/75 

Amount  of  Insurance 
$680,  0001)0 

Workmen's 

Compensation 

Statutory 

| 

This  certificate  is  issued  at  the  request  of  Meteorology  Research 

464  West  Woodbury  Road 

whose  address  is  Altadena,  California 


I! 


i 


30 

Whom  we  agree,  jfypoablc  :o  notify  SE»  days  bepre  d-t'  of  Cauce/l.Uio  . i,  policy  should  be  cancel.  a , 
Company  lies)  shall  not  be  liable  in  any  u-ay  fur  failure  to  give  such  ' .tier 

This  certificate  of  insurance  neither  affirmatively  nor  negatively  ame<  : liter  • ext'  r co-  'rag- 

H»4»l 244 issued  by Argonaut  lias :c  r • .pam 


ADDITIONAL  AGREEMENTS 

^Includes  $50,000.  Cargo  Legal  Liability  and  $5,  000. /$40,  000.  Bagga:?. 
Liability. 

**Meteorology  Research  is  added  as  an  JO  Southern  Mar  ne  & . viat.on  Undei.v  ,ie 
additional  insured  under  the  above  policy TJ  Southern  Man-.e  & Aviation,  Inc 
I ***Includes  one  round  trip  to  Kwajalein  Atoll  Aviation  Managers 

via  Alaska  and  the  Aleutian  Islands  with 
atmospheric  research  in  the  Wake  Islands 
. area  of  the  Pacific  with  the  contract  to  ^ 
lend  or.  or  about  November  15,  1974. 

......  


a 


r\ 


> '-j  i -Y. 

Authorized  $?epmtntatne 


H 


- 1 


Form  502*  i/71 
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LITTON  AERO  PRODUCTS 
EQUIPMENT  LEASE  AGREEMENT 
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EQUIPMENT  LEASE  AGREEMENT 


LEASE  dated  as  of  the  1 9th  day  of  October , 1973 

by  and  between  Aero  Products  Division  of  Litton  Systems,  Inc., 
a corporation  organised  under  the  laws  of  the  State  of  Delaware 
(hereinafter  called  "Lessor")  having  a place  of  business  at 
21050  Burbank  Boulevard,  Woodland  Hills,  Cal.ifornia  91364  and 

Meterology  Research  Jnc. (hereinafter 

called  "Lessee"),  having  a place  of  business  at  464  West 

Woodbury  Road,  Altadena,  California  91001 

(Street  Address,  City  and  State) 

WITNESSETH: 

For  and  in  consideration  of  the  mutual  covenants  and  promises 
hereinafter  set  forth,  the  parties  hereto  agree  as  follows: 

1.  LEASE:  Lessor  hereby  leases  to  Lessee  and  Lessee  leases 

from  Lessor  the  equipment  described  in  the  Equipment  Schedule 
attached  hereto  and  made  a part  hereof,  subject  to  the  terms  and 
conditions  set  forth  in  said  Schedule  or  Schedules  and  also  set 
forth  herein. 

2.  TERM:  The  term  of  this  Lease  with  respect  to  any  item  of 

leased  Equipment  shall  be  as  set  forth  in  the  Equipment  Schedule 
or  Schedules. 

3.  EQUIPMENT  /'HD  RENT:  The  Equipment  leased  hereunder,  the 

rent  payable,  the  time,  place  and  manner  of  payment,  shall  be  as 
specified  in  the  Equipment  Schedule  or  Schedules  attached  hereto 
and  made  a part  hereof. 

4.  DELIVERY  OF  EQUIPMENT:  The  Equipment  is  to  be  shipped  to 

Lessee  at  the  place  and  time  specified  in  the  attached  Equipment 
Schedule  or  Schedules. 

5.  INSPECTION  BY  LESSEE:  Lessor  shall  not  be  liable  for  loss 

or  damage  occasioned  by  any  cause,  circumstance  or  event  of  whatso- 
ever nature,  including  but  not  limited  to  failure  of  or  delay  in 
delivery,  delivery  to  the  wrong  place,  delivery  of  improper  Equip- 
ment or  property  other  than  Equipment,  damage  to  Equipment,  govern- 
mental regulations,  strike,  embargo  or  any  other  cause,  circumstance 
or  event,  whether  of  like  or  unlike  nature.  Lessee  shall  inspect 
Equipment  within  forty-eight  (48)  hours  after  its  arrival  at  the 
address  set  forth  in  Equipment  Schedule.  Unless  within  said  forty- 
eight  (43)  hours  Lessee  gives  written  notice  to  Lessor,  specifying 
any  defect  in  or  other  proper  objection  to  Equipment,  Lessee  agrees 
that  it  shall  be  conclusively  presumed,  as  between  Lessor  and  Lessee, 
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that  Lessee  has  fully  inspected  Equipment,  that  Equipment  is  in 
full  compliance  with  the  terms  of  th.s  Lease  and  in  good  condition 
and  repair,  and  that  Lessee  is  satisiied  with  and  has  accepted 
Equipment . 

6.  USE  AND  MAINTENANCE;  ALTERATIONS  AND  ADDITIONS;  Lessee 
shall  use  Equipment  solely  in  the  conduct  of  its  business,  and  in 
a careful  and  proper  runner,  and  shall  not  part  wj th  possession  of 
or  enter  into  any  sub-lease  with  respect  to  Equipment  or  any  part 
thereof  or  assign  this  Lease  or  its  interest  hereunder  without  the 
prior  written  consent  of  Lessor.  Lessee  shall  not  make  any  material 
alterations  to  Equipment  without  the  prior  written  consent  of  Lessor. 
Unless  otherwise  agreed  to  in  writing  by  the  parties  hereto,  Lessee, 
at  its  own  expense,  will  install  the  leased  Equipment  in  the  place 

or  places  stipulated  herein  and  will  also  pay  directly  the  charges 
for  the  packing,  crating,  freight,  expense  or  cartage  for  each  unit 
of  Equipment  leased  hereunder  and  will  reimburse  the  Lessor  forth- 
with on  written  notice,  if  the  Lessor  is  charged  for  the  same  and 
does  pay  the  same. 

7.  LIABILITY  OF  LESSOR  Lessor  shall  not  be  liable  for  any 
consequential,  incidental,  or  special  damage  of  any  kind  (including 
therein,  but  not  by  way  of  limitation,  damages  for  any  loss  of  or 
use  of  profit  by  Lessee  or  other,  or  for  any  other  similar  or 
dissimilar  collateral  or  consequential  damages),  which  may  result 
from  or  in  connection  with  the  manufacture,  delivery,  installation, 
checkout  or  use  of  the  items  leased  hereunder,  or  from  or  in 
connection  with  the  services  rendered  by  Lessor  hereunder. 

8.  INDEMNITY:  Lessee  shall  indemnify  Lessor  against  and  hold 

Lessor  harmless  from  any  and  all  claims , actions,  suits,  proceed- 
ings, costs,  expenses,  damages  and  liabilities,  including  attorneys' 
fees,  claimed  by  any  person,  organization,  association  or  otherwise, 
arising  out  of,  connected  with,  or  resulting  from  the  Equipment, 
including  without  limitation,  the  design,  manufacture,  selection, 
delivery,  possession,  use,  operation  and/or  return  of  the  Equipment. 

*9.  INSURANCE:  Lessee  shall  keep  Equipment  insured  against  all 

risks  or  loss  or  damage  from  every  cause  whatsoever  for  not  less  than 
the  full  replacement  value  (new)  thereof  and  shall  carry  public 
liability  insurance,  both  personal  injury  and  property  damage, 
covering  Equipment.  All  said  insurance  shall  be  in  form  and  amount 
and  with  companies  satisfactory  to  Lessor.  All  insurance  for  loss 
or  damage  shall  provide  that  losses,  if  any,  shall  be  payable  to 

*This  clause  does  not  apply.  Insurance  of  leased  equipment  will 
be  born  by  Lessor.  Cost  of  insurance  is  $500  per  month  and  is  shown 
as  a separate  item. 
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Lessor,  and  all  such  liability  insurance  shall  be  in  the  joint  names 
cf  Lessor  and  Lessee.  Lessee  slia.ll  pay  the  premiums  therefor  and 
deliver  to  Lessor  the  policies  of  insurance  or  duplicates  thereof, 
or  other  evidence  satisfactory  to  Lessor  cf  such  insurance  coverage. 
In  case  of  the  failure  of  Lessee  to  procure  or  maintain  said  insur- 
ance or  to  comply  with  any  other  provision  of  this  Lease,  Lessor 
shall  have  the  right,  but  shall  not  be  obligated,  to  effect  such 
insurance  or  ccmpliance  on  behalf  of  Lessee.  In  that  event,  all 
moneys  spent  by  and  expenses  of  Lessor  in  effecting  such  insurance 
or  compliance  shall  bo  deemed  to  be  additional  rent,  and  shall  be 
paid  by  Lessee  to  Lessor  with  the  next  monthly  payment  of  rent. 

10.  COMPLIANCE  WITH  LAWS;  PAYMENT  OF  TAXES:  Lessee  shall  keep 

the  Equipment  free  and  clear  of  all  levies,  liens  and  encumbrances 
and  shall  pay  all  license  fees,  registration  fees,  assessments, 
charges,  permit  fees  and  taxes  (municipal,  state  and  federal)  which 
may  now  or  hereafter  be  imposed  upon  the  ownership,  leasing,  rent- 
ing, possession,  sale  or  use  of  the  Equipment,  excluding  however, 
all  taxes  on  or  measured  by  Lessor's  income.  Lessee  shall  comply 
with  all  laws  and  regulations  relating  to  the  ownership,  possession, 
leasing,  renting,  operation,  control,  use,  maintenance,  delivery 
and/or  return  of  the  Equipment  and  shall  save  Lessor  harmless  against 
actual  or  asserted  violations  and  pay  all  costs  and  expenses  of  every 
character  in  connection  therewith  or  arising  therefrom.  The  prices 
specified  in  the  attached  Equipment  Schedule  are  quoted  F.O.B. 
Woodland  Hills,  California,  exclusive  of  all  taxes  and  other  levies 
by  governmental  authority.  If  Lessor  is  required  to  pay  any  such 
taxes,  fees,  excises  and/or  charges,  Lessee  shall  promptly  reimburse 
Lessor  upon  receipt  of  Lessor's  invoice  therefor. 

11.  TITLE  OF  LESSOR:  Title  to  Equipment  shall  at  all  times 

remain  in  Lessor,  and  Lessee  at  its  own  cost  and  expense,  shall 
protect  and  defend  the  title  of  Lessor.  Lessee  shall  at  all  times 
keep  Equipment  free  and  clear  from  all  levies,  attachments , liens, 
encumbrances  and  charges  or  other  judicial  process  of  every  kind 
whatsoever,  shall  give  Lessor  immediate  written  notice  thereof  and 
shall  indemnify  and  save  Lessor  harmless  from  any  loss  or  damages 
caused  thereby. 

12.  INSPECTION:  If  Equipment  is  removed  from  the  aircraft  in 

which  it  is  installed,  Lessee  shall  advise  Lessor  of  its  exact  loca- 
tion. Lessor  shall  have  the  right  from  time  to  time  to  enter  upon 
the  Lessee's  premises  or  elsewhere  for  the  purpose  of  inspection. 

If  the  Equipment  is  in  the  opinion  of  Lessor  being  used  beyond  its 
capacity  or  in  any  manner  improperly  caiod  for  or  abused,  Lessor  has 
the  right  to  remove  said  Equipment  forthwith. 

13.  DEFAULT*  REMEDIES:  If  (a)  Lessee  refuses  to  accept  deliv- 

ery of  the  Equipment  or  reneges  on  his  agreement  to  lease,  or  (b) 
Lessee  shall  default  in  the  payment  of  any  rent  or  in  making  any 
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other  payment  hereunder  when  due,  or  (c)  Lessee  shall  default  in 
the  payment  when  due  of  any  indebtedness  of  Lessee  to  Lessor 
arising  independently  of  this  Lease,  or  (d)  Lessee  shall  default 
in  the  performance  of  any  other  covenant  herein  and  such  default 
shall  continue  for  five  (5)  days  after  written  notice  thereof  to 
Lessee  by  Lessor,  or  (e)  Lessee  becomes  insolvent  or  makes  an 
assignment  for  the  benefit  of  creditors,  ci  (f)  Lessee  applies  for 
or  consents  to  the  appointment  of  a receiver,  trustee  or  liquidator 
of  lessee  or  of  al L or  a substantial  part  of  the  assets  of  Lessee, 
or  if  such  receive'',  trustee  or  liquidator  is  appointed  without  the 
application  or  consent  of  Lessee,  or  (g)  a petition  is  filed  by  or 
against  Lessee  under  the  Bankruptcy  Act  or  any  amendment  thereto 
(including,  without  limitation,  a petition  for  reorganization, 
arrangement  or  extension)  or  under  any  other  insolvency  lav/  or  law 
providing  for  the  relief  of  debtors,  then,  if  and  to  the  extent 
permitted  by  applicable  law,  Lessor  shall  have  the  right  to  exercise 
any  one  or  more  of  the  following  remedies:  (A)  to  declare  the 

entire  amount:  of  unpaid  total  rent  for  the  balance  of  the  term  of 
this  Lease  due  and  payable,  whereupon  the  same  shall  become  imme- 
diately due  and  payable;  (B)  without  demand  or  legal  process,  to 
enter  into  promises  where  Equipment  may  be  found  and  take  possession 
of  and  remove  the  same,  whereupon  all  rights  of  Lessee  in  Equipment 
shall  terminate  absolutely,  and  retain  Equipment  and  all  prior 
payments  of  rent  made  hereunder,  it  being  agreed  that  the  amounts 
to  be  retained  by  Lessor  under  this  sub-section  (B)  shall  not  be  as 
a penalty  but  as  liquidated  damages  for  the  breach  hereof  and  as 
reasonable  return  for  the  use  of  Equipment  and  for  the  depreciation 
thereof;  (C)  to  recover  the  balance  of  all  amounts  due  hereunder; 

(D)  to  pursue  any  other  remedy  available  to  Lessor  at  law  or  in 
equity.  The  remedies  provided  under  (B)  and  (C)  may  be  exercised 
only  in  the  alternative.  This  Lease  is  irrevocable  for  the  full 
term  thereof  as  set  forth  in  the  Equipment  Schedule  and  for  the 
aggregate  rentals  therein  reserved  and  the  rent  shall  not  abate  by 
reason  of  termination  of  Lessee's  right  of  possession  and/or  the 
taking  of  possession  by  the  Lessor  or  for  any  other  reason. 

14.  NO  WAIVER:  No  failure  on  the  part  of  the  Lessor  to  exer- 

cise, and  no  delay  in  exercising  any  right  or  remedy  hereunder  shall 
operate  as  a waiver  thereof;  nor  shall  any  single  or  partial  exer- 
cise by  Lessor  of  any  right  .or  remedy  hereunder  preclude  any  other 
or  further  exercise  thereof. 

15.  POSSESSION  AI7D  USE:  Lessor  covenants  to  and  with  Lessee 

that  Lessor  is  the  lawful  owner  of  Equipment,  free  from  all  liens 
and  encumbrances,  and  that,  upon  Lessee's  paying  the  rents  and 
performing  the  promises,  terms  and  conditions  hereof,  Lessee  shall 
peaceably  and  quietly  hold,  possess  and  use  Equipment  during  the 
term  of  this  Lease  without  hindrance. 
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16.  INTEREST  AND  EXPENSES:  Should  Lessee  fail  to  pay  duly 

and  promptly  any  part  of  the  rent  herein  reserved  or  any  other  sum 
required  to  bo  paid  by  Lessee  to  Lessor  hereunder.  Lessee  shall 
pay  Lessor  interest  on  such  delinquent  payment  at  the  rate  of 
1-1/2%  or  the  highest  legal  rate  of  interest  permitted  by  law, 
whichever  is  lower,  per  month  on  the  unpaid  balance  from  the  date 
when  such  payment  was  due  until  paid  and  expenses  of  collection, 
including  reasonable  attorney's  fees. 

17.  NOTICES:  All  notices  relating  hereto  shall  be  in  writing 

and  shall  be  deemed  properly  delivered  when  duly  mailed  by  first- 
class  mail,  postage  prepaid,  or  delivered  by  hand  to  the  other 
party,  at  its  address  as  follows,  or  to  such  other  address  as 
either  party  may  by  written  notice  designate  to  the  other. 

(a)  As  to  Lessor:  Litton  Systems,  Inc. 

Aero  Products  Division 
21050  Burbank  Boulevard 
Woodland  Hills,  Calif.  91364 

Attention:  Contracts  Manager 

(b)  As  to  Lessee:  Meterology  Research,  Inc. 

464  West  Woodbury  Road 

Altadena,  California  91003 


Attn:  Bob  Winqins,  V.P. 

18.  NO  WARRANTIES;  ENTIRE  AGREEMENT:  Lessee  agrees  that 

Lessor  has  made  no  representation  or  warranty  of  any  kind,  nature 
or  description,  express  or  implied,  with  respect  to  Equipment. 

This  Lease  and  the  Schedule  or  Schedules  attached  hereto  contain 
the  entire  agreement  between  the  parties,  and  Lessor  is  not  bound 
by  any  representation  or  inducements  not  specifically  set  forth 
herein  and  in  the  Schedule  or  Schedules,  and  may  not  be  changed, 
modified,  terminated  or  discharged  except  in  writing. 

19.  ASSIGNMENT:  This  Lease  Agreement  may  not  be  assigned  by 

either  party  without  the  written  consent  of  the  other  party  except 
to  a successor  corporation  by  merger  or  consolidation  of  either 
party,  or  to  any  corporation  acquiring  substantially  all  of  the 
property,  assets  and  business  or  either  party  by  sale,  lease  or 
other  disposition,  or  to  any  corporation  controlling,  controlled 
by.  or  under  common  control  with  either  party. 

20.  GOVERNING  LAW:  This  agreement  and  the  performance  here- 

under shall  be  governed  by  the  laws  gf  the  State  of  California. 


Cl-1  . 7 


21.  HOLDING  OVER:  3n  the  event  of  any  holding  over  after  the 

expiration  of  thin  Lease  Agreement,  the  same  shall  be  construed  to 
be  a month-tc-month  or  period-to-period  basis  at  the  same  rental 

as  herein  described  and  subject  to  all  the  terms  of  this  Agreement, 
including  the  right  of  Lessor  to  terminate  the  Lease  at  any  time 
during  such  period  of  holding  over. 

22.  RE DEL I VERY : Upon  surrender  or  termination  of  this  Lease 

Agreement  as  herein  provided,  Lessee  shall  return  the  Equipment  to 
the  Lessor  in  good  repair,  condition,  and  working  order,  ordinary 
wear  and  tear  resulting  from  proper  use  thereof  alone  excepted. 

23.  TITLES:  The  titles  to  the  paragraphs  of  this  Lease  are 

solely  for  the  convenience  of  the  parties  and  shall  in  no  way  be 
held  to  explain,  modify,  amplify  or  aid  in  the  interpretation  of 
the  provisions  hereof. 

24.  LEASE  AGREEMENT  SCHEDULES:  The  following  Schedules  are 

incorporated  into  and  made  a part  of  this  Lease  Agreement: 


Schedule 


Title 


. I 


Equipment  Schedule  and 
Delivery  Schedule 


II  Lease  prices  as  shown  on 

Proposal  to  DNA  for  INS  Lease 

IN  WITNESS  WHEREOF,  Lessor  and  Lessee  have  caused  this  Lease  to 
be  executed  by  their  duly  authorized  representatives  as  of  the  day 
and  year  first  above  written. 


Lessor : 


Lessee : 


LITTON  SYSTEMS,  INC, 

Aerc\  i'rpdup^s  (di  vision 

By 

R.  A.  S t ^ 

Title  Manager  of  extracts 


Md co r ul r.r, y Research,  Inc, 


I'M 


By  _ 

A.  P.  Heifer 
Title  President 


Date 


19  October  1973 


Date  Zd  October  1973 
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1. 


INTRO  DUC  TION 


This  document  reports  on  the  progress  made  under  Contract 
DNA  001  -75-C-0040.  The  report  covers  the  period  from  16  November  1974 
through  31  January  1974. 

M.RI  is  supporting  DNA  and  AFCRL  in  HEAR  I , SAMS,  and  FLAME 
hydrometeor  sampling  programs  at  Wallops  Island,  Virginia.  Part  of 
this  support  is  an  MR1  instrumented  and  operated  Cessna  Citation  sampling 
aircraft  leased  for  the  five  month  test  period  16  November  1974  through 
15  April  1975.  The  instrumentation  includes  an  INS  leased  from  Litton  Aero 
Products  and  modified  specifically  for  HEART  sampling  missions. 

This  report  discusses  the  progress  of  the  Citation  lease,  the  INS 
lease,  Citation  flight  time  and  flight  crew  transportation,  accommodations 
and  coordination  activities. 

2.  PROGRESS  IN  PRINCIPAL  TASK  AREAS 

2.  1 Lease  Citation  N 51  ICC 

2.1.1  Lease  Agreement 

A lease  was  negotiated  with  Alpine  Aircraft  Charters,  Inc.  , 

Denver,  Colorado,  guaranteeing  exclusive  use  of  Cessna  Citation  NS-  )CC 
beginning  on  16  November  1974  and  terminating  on  15  April  197  5.  An 
option  to  extend  the  lease  was  included  to  allow  for  the  possible  extension 
of  test  operations  beyond  the  presently  scheduled  termination  date  of 
31  March  1975. 

2.1.2  Maintenance  and  Repair  of  Aircraft  Systems 

Alpine  Aircraft  Charters,  Inc.,  is  maintaining  the  aircraft,  avionics, 
engines,  and  subsystems  and  performing  all  routine  maintenance  inspections 
as  per  the  lease  agreement.  Maintenance  work  performed  on  the  aircraft  is 
being  scheduled  so  as  not  to  impact  test  operations. 


2.  1.  3 


Copilot/Crew  Chief  Support 


In  accordance  with  the  ha.M'  agreement,  Alpine  Aircraft  Charters, 
Inc.,  is  providing  a full-time  copilot/crew  chief  to  support  all  operations 
during  the  lease  period. 

2.1.4  Insurance  Coverage 

Insurance  coverage  is  being  provided  by  Alpine  Aircraft  Charters, 

Inc.  , and  the  cost  included  in  the  lease  price  of  the  aircraft.  The  insurance 
coverage  is  in  the  following  amounts: 

a.  Aircraft  Hull  Insurance  - full  coverage 

b.  Bodily  Injury,  other  than  passenger  liability  - $250  . 00 

c.  Property  Damage  - $500,  000  per  accident 

d.  Passenger  Liability  - $100,  000  per  passenger 

The  certificate  of  insurance  was  included  in  the  previous  report. 

2.  i.  5 Aircraft  Flying  Time 

The  lease  provides  for  unlimited  usage  of  the  aircraft  during  the 
period  of  the  agreement. 

2 . 2 Coordination  of  Field  Operations 

The  MRI  program  manager  is  maintaining  close  contact  with  DMA 
and  other  government  agencies  to  assure  full  co-ordination  of  all  aircraft 
operations. 

2.  3 Administer  Citation  Lease 

The  MRI  program  manager  is  maintaining  close  contact  with  Alpine 
Aircraft  Charters,  Inc.  , to  assure  all  lease  provisions  are  being  accomplished 
and  all  n<  essary  maintenance  is  performed  on  the  aircraft.  Invoices  are 
examined  nd  flight  time  charges  are  verified  with  any  conflicting  items  being 

resolved. 
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2.  4 Lease  Litton  LTN-51  Inertial  Navigation  System 

2.  4.  1 Lease  Agreement 

The  lease  agreement  negotiated  with  Litton  Aero  Products 
provides  full-time  use  of  a Litton  LTN-51  inertial  navigation  system  for 
the  entire  length  of  the  contract  period.  A semi-annual  (6  month),  lea.se 
was  negotiated  due  to  the  cost  savings  compared  to  a five  month  period  on 
a monthly  cost  basis.  A copy  of  the  lease  was  included  in  the  previous 
report. 

2.  4.  2 Pallet  Assembly 

A special  pallet  assembly  equipped  with  dual  inverters  and  designed 
to  adopt  the  Litton  LTN-51  installation  to  aircraft  such  as  the  Citation,  is 
included  in  the  lease  and  has  been  installed  in  the  Citation. 

2.  4.  3 Emergency  Battery 

In  accordance  with  the  lease  agreement  Litton  Aero  Products  has 
supplied  an  emergency  battery  designed  to  fit  the  pallet  assembly  which 
assures  continued  INS  operation  in  the  event  of  any  temporary  electrical 
power  interruption. 

2. 4. 4 Insurance 

The  lease  provides  for  insurance  against  all  risks  or  loss  or  damage 
from  every  cause  for  full  replacement  value  as  well  as  public  liability  includ- 
ing personal  injury  and  property  damage. 

2.  4.  5 Installation  and  Removal 

In  accordance  with  the  lease,  Litton  Aero  Products  is  providing  field 
service  support  for  the  complete  installation,  checkout  and  removal  of  the 
INS  from  the  Cessna  Citation  Aircraft. 


Administer  INS  Lease 


2.  5 

An  MRI  program  manager  is  administrating  the  provisions  of  the 
lease  agreement,  reviewing  all  invoices  and  resolving  any  conflicting  items. 

2.  6 Flight  Crew  Transportation  and  Accomodations 

Accomodations  have  been  secured  in  the  vicinity  of  Wallop.  s nd 
for  the  Citation  captain,  copilot/ crew  chief,  and  instrument  operator. 

3.  SUMMARY  OF  CITATION  FLIGHTS 


19  November 

0.  8 

INS  Test  Flight 

17  December 

5.  2 

Ferry  Aircraft  to  Wallops 
Island  from  Denver 

8 January 

2.  0 

SAMS  Mission 

20  January 

5.  5 

HEART  Mission 

28  January 

0.  2 

Instrument  Test  Flight 

30  January 

2.  1 

Practice  FLAME  Mission 

31  January 

2.  0 

FLAME  Mission 

Total  Flight  Time 

17.  8 

4.  ACTIVITIES  DURING  THE  NEXT  REPORTING  PERIOD 

During  the  period  from  1 February  1975  through  31  March  , 7 
the  Citation  aircraft  and  its  crew  will  be  available  for  research  flights  at 
Wallops  Flight  Center,  Virginia. 
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INTRODUCTION 


-*  •►•This  document  reports  on  the  progress  made  under  Contract 
DNA  001  -75-C-0040  and  modification  P00001  for  the  period  from 
1 February  1975  through  31  March  1975. 

MRI  is  supporting  DNA  and  AFCRL  in  HEART,  SAMS,  and 
FLAME  hydrometeor  sampling  programs  at  Wallops  Island,  Virginia. 
Part  of  this  support  is  an  MRI  instrumented  and  operated  Cessna 
Citation  sampling  aircraft  leased  for  the  six -month  test  period 
16  November  1974  through  15  May  1975.  The  instrumentation  includes 
an  INS  leased  from  Litton  Aero  Products  and  modified  specifically  for 
HEART  sampling  missions.  MRI  is  also  responsible  for  leasing  and 
modifying  the  INS  used  in  the  P-3A  support  aircraft  based  at  Jackson- 
ville, Florida. 

This  report  discusses  the  progress  of  the  Citation  lease,  the 

INS  lease  and  modification.  Citation  flight  times,  flight  crew  recruiting, 
transportation,  accommodations,  and  coordination  activities. 

2.  CONTRACT  CHANGE  OF  SCOPE 

On  March  10,  1975,  a letter  establishing  the  additional  tasks  to 
be  performed  by  MRI  was  sent  to  the  Defense  Nuclear  Agency.  These 

tasks  included: 

(1)  Design,  fabricate,  and  test  an  electronic  interface 

between  the  INS  and  Buffer  Memory  recording  system 

(2)  Obtaining  FAA  approval  for  the  SAI  holographic  camera 
installation  on  the  Citation  Cloud  Physics  Research 
Aircraft  and  testing  the  installation  in  flight. 
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3. 


PROGRESS  IN  PRINCIPAL  TASK  AREAS 


3.  I Lease  Citation  N5  1 1 CC 

3.  1.  1 Lease  Agreement 

A lease  was  negotiated  with  Alpine  Aircraft  Charters,  Inc.  , 
Denver,  Colorado,  guaranteeing  exclusive  use  of  Cessna  Citation 
N5I  ICC  beginning  on  16  November  1974  and  terminating  on  15  April 
1975.  The  option  to  extend  the  lease  which  was  included  to  allow  for 
the  possible  extension  of  test  operations  beyond  the  previously 
scheduled  termination  date  of  31  March  1975  has  been  exercised  by 
DNA  for  one  month. 

3.  1. 3 Maintenance  and  Repair  of  Aircraft  Systems 

Alpine  Aircraft  Charters,  Inc.,  is  maintaining  the  aircraft, 
avionics,  engines,  and  subsystems  and  performing  all  routing  main- 
tenance inspections  as  per  the  lease  agreement.  Maintenance  work 
performed  on  the  aircraft  is  being  scheduled  so  as  not  to  impact  test 
operations. 

3.  1.  3 Copilot/ Crew  Chief  Support 

In  accordance  with  the  lease  agreement,  Alpine  Aircraft 
Charters,  Inc.,  is  providing  a full-time  copilot/crew  chief  to  support 
all  operations  during  the  lease  period. 

3.1.4  Insurance  Coverage 

Insurance  coverage  is  being  provided  by  Alpine  Aircraft 
Ch;  i ters,  Inc.  , and  the  cost  is  included  in  the  lease  price  of  the 
aii  r,;lit.  The  insurance  coverage  is  in  the  following  amounts: 

a.  Aircraft  Hull  Insurance  - full  coverage 

b.  Bodily  Injury,  other  than  passenger  liability  - $250,  000 
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c.  Property  Damage  - $500,000  per  accident 

d.  Passenger  Liability  - $100,000 

The  certificate  of  insurance  was  included  in  the  previous 

report. 

3.1.5  Aircraft  Flying  Time 

The  lease  provides  for  unlimited  usage  of  the  aircraft  during 
the  period  of  the  agreement. 

3.  2 Coordination  of  Field  Operations 

The  MRI  program  manager  is  maintaining  close  contact  vith 
DNA  and  other  government  agencies  to  assure  full  coordination  of  all 
aircraft  operations. 

3.  3 Administer  Citation  Lease 

The  MRI  program  manager  is  maintaining  close  contact  with 
Alpine  Aircraft  Charters,  Inc.  , to  assure  all  lease  provisions  are 
being  accomplished  and  all  necessary  maintenance  is  performed  on 
the  aircraft.  Invoices  are  examined  and  flight  time  charges  are 
verified  with  any  conflicting  items  being  resolved. 

3.  4 Lease  Litton  LTN-51  Inertial  Navigation  System  for  Cessna 

Citation  and  P- 3 A Aircraft 

3.4.1  Lease  Agreements 

The  lease  agreements  negotiated  with  Litton  Aero  Products 
provide  for  full-time  use  of  two  Litton  LTN-51  inertial  navigation 
systems  for  the  entire  length  of  the  contract  period.  A semi-annual 
(six  months)  lease  was  negotiated  due  to  the  cost  savings  compared 
to  a : -month  period  on  a monthly  cost  basis.  A copy  of  the  lease 

was  included  in  the  previous  report. 
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3.4.2  Pallet  Assembly 


Two  special  pallet  assemblies  equipped  with  dual  inverters 
and  designed  to  adopt  the  Litton  LTN-51  installation  to  aircraft  such 
as  the  Citation  and  P-3A,  are  included  in  the  lease  anc  have  been 
installed  in  the  aircraft. 

3.4.3  Emergency  Battery 

In  accordance  with  the  lease  agreement,  Litton  Aero  Products 
has  supplied  emergency  batteries  designed  to  fit  the  pallet  assemblies 
which  assures  continued  INS  operation  in  the  event  of  any  temporary 
electrical  power  interruption. 

3.4.4  Insurance 

The  leases  provide  for  insurance  against  all  risks  or  loss  or 
damage  from  every  cause  for  full  replacement  value  as  well  as  public 
liability  including  personal  injury  and  property  damage. 

3.4.5  Installation  and  Removal 

In  accordance  with  the  lease,  Litton  Aero  Products  is  ro- 
viding  field  service  support  for  the  complete  installation,  checkout, 
and  removal  of  the  INS  from  the  aircraft. 

3 . 5 Administer  INS  Lease 

An  MRI  program  manager  is  administering  the  provisions  of 
the  lease  agreements,  reviewing  all  invoices  and  resolving  any  con- 
flicting items. 

3.  „ Citation  Crew  Support  for  HEART  and  FLAME  Programs 

3.  . 1 Complete  Consulting  Agreement 

A consulting  agreement  has  been  negotiated  and  a Citation 
ral  d aircraft  captain  will  be  available  to  support  all  HEART  and 
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3.  6.  2 Relocate  Crew 

The  MRI  Citation  support  crew,  consisting  of  an  aircraft 
captain,  copilot/ c rew  chief,  and  instrument  operator  have  been  re- 
located to  the  vicinity  of  Wallops  Flight  Center  for  the  duration  of 
the  program. 

3.  6.  3 Availability  of  MRI  Program  Manager  and  Sensor  Technician 

The  MRI  program  manager  and  sensor  service  technician 
are  available  on  an  "as  needed"  basis.  The  program  manager  is 
monitoring  the  following: 

a.  Activities  of  the  crew 

b.  Status  of  the  Citation  aircraft  and  its  instrumentation 
package 

c.  Procuring  and  shipping  consumable  and  crew  support 
items  as  they  are  needed 

d.  Arranging  the  replacement  of  crew  members  as  the 
need  arises 

e.  Closely  monitoring  the  packaging,  shipment,  and 
receipt  of  data 

f.  Handling  customer's  requests  for  unspecified 
services  as  the  need  arises. 

3.6.4  Logistic  Support 

All  consumable  supplies,  spare  parts,  and  maintenance  kits 
required  to  operate  the  Citation  aircraft  and  its  sensor  package  have 
been  procured  and  shipped  to  Wallops  Flight  Center  to  be  used  as 
needed  throughout  the  program.  An  MRI  program  manager  is  in 
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daily  contact  with  the  support  c row  and  any  needed  supplies  or  spare 
parts  are  shipped  as  soon  as  possible.  In  this  way  the  aircraft  and 
any  part  of  the  sensing  package  is  available  for  program  support  in 
a 100  penent  ready  condition  almost  constantly. 

1.  o.  5 Supply  Foil  Replicator  and  Portable  Instrument  Package 

One  foil  replicator,  MRI  Model  1220A,  and  one  MRI  portable 
instrument  package  has  been  provided  for  the  duration  of  the  program. 

. 6.  6 Citation  Flight  Hour  Summary  and  Flight  Approvals 

Appendix  E contains  a summary  of  the  Citation  flight  hours 
and  the  individual  who  authorized  each  particular  flight  during  this 
reporting  period. 

4.  DATA  ANALYSIS  FOR  HEART,  FLAME  AND  SAMS 

The  missile  operations  supported  by  the  MRI  Citation  during 
the  period  between  1 January  and  11  March  1975  are  listed  in  the 
table  below. 

No.  of  Quick  Look  Preliminary  Final  Mission 


Date 

(1975) 

Operation 

Missiles 

Fired 

Report 

Issued 

Data  Summary 
Issued 

Data  Summary 
Is  sued 

1-9 

SAMS 

2 

1-9 

N/A 

4-4 

1-20 

HEART 

1 

1-24 

2-14 

Note  1 

2-4 

FLAME 

1 

2-4 

N/A 

N/A 

3-5 

HEART 

0 

N/A 

N/A 

Note  2 

3-7 

SAMS 

1 

3-8 

N/A 

Note  3 

i\')t  1 and  3:  Final  mission  summaries  to  be  issued  by  4-30-75. 

Y 2:  The  only  data  required  from  the  aborted  HEART  mission  of 
-’•-'■-75  are  Formvar  replicator  photographs.  For  comparison  with 
> ; graphs  taken  during  the  return  flight  to  Wallops. 
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The  FLAME  mission  data  were  not  reduced  because  the 


mission  was  a failure  due  to  missile  problems.  While  similar  prob- 
lems existed  on  9 January  and  7 March,  AFCRL  requested  that  data 
be  processed  to  allow  the  degree  of  corrolation  between  aircraft  data 
and  radar  data  to  be  studied. 

Data  processing  for  all  missile  operations  will  be  accom- 
plished in  cooperation  with  AFCRL.  Dr.  Barnes'  letter  dated 
31  January  1975  details  handling  of  SAMS  data;  this  letter  is  included 
in  Appendix  B.  HEART  and  FLAME  data  will  be  reduced  in  a similar 
fashion  with  the  concurrence  of  AFCRL  as  to  crystal  habit  and 
associated  size-mass  relationships. 

Attempts  have  been  made  to  derive  better  crystal  habit  in- 
formation through  the  use  of  the  Quantimet  analyzer.  Unfortunately, 
due  to  contrast  problems  and  data  artifacts,  objective  measurement 
of  crystal  types  is  not  possible.  The  trained  eye  of  the  scientist  is 
still  required  and,  due  to  the  volume  of  data  to  be  studied,  the  crystal 
habit  determination  is  still  largely  qualitative.  As  a consequence,  no 
charges  for  use  of  the  Quantimet  analyzer  will  be  billed  during  this 
program. 

The  major  difference  between  the  SAMS  data  processing  and 
that  of  HEART  and  FLAME  is  that  the  SAMS  data  are  compared  with 
radar  gathered  by  Spandar,  while  the  HEART  and  FLAME  data  are  used 
solely  to  characterize  the  average  water  content  and  spectra  at  each 
level.  Therefore,  in  addition  to  the  pass  average  data  processed  for 
HEART  and  FLAME,  six-second  averages  of  all  probe  data  are  stored 
on  digital  tape  and  delivered  to  AFCRJ-.  for  further  analysis. 


5. 


SAMPLING  MISSION  NAVIGATION  SYSTEM  FOR  HEART 
AND  FLAME  PROGRAMS 


MRI  has  developed  novel  hardware  and  software  for  use  with 
tile  Litton  L TN  51  navigation  system  to  support  the  HEART  and  FLAME 
programs.  The  system  has  been  completed  and  used  successfully 
under  both  test  and  mission  conditions. 

5 . ! Navigation  System  Software 

MRI  has  directed  the  efforts  of  Litton  Aero  Products  in  the 
writing  of  special  software  for  use  with  the  LTN  51  which  would  allow 
the  MRI  Citation  and  P-3A  aircrafts  to  "storm  follow"  while  making 
their  post  reentry  data  sampling  runs.  When  the  reentry  vehicle 
reaches  the  pierce  point,  the  mission  start  switch  is  activated  and 
the  software  essentially  propagates  the  coordinate  system  as  the 
reentry  trajectory  propagates  with  the  storm.  A complete  description 
of  the  program  and  its  operation  is  included  Appendix  C. 

5.2  Pilot  Sti  . ring  Display 

MRI  lias  developed  a display  system  which  accepts  the  LTN  51 
trace  angle  error  (TKE)  three  wire  synchro  signal  and  conditions  it  to 
. o a control  transformer  display.  The  electronics  and  control  trans- 
■mer  comprises  an  off-the-shelf  unit  which  has  been  mechanically 
modified  to  allow  m unambiguous  steering  command  to  be  displayed  in 
the  cockpit. 

With  the  use  of  the  special  software  described  in  Section  4.  1, 
tilt  l lock  error  display  need  only  be  kept  at  zero  by  aircraft  steering 
u the  aircraft  to  the  desired  sampling  points. 

The  steering  display  systems  are  installed  in  the  MRI  Citation 
‘hi  P-3A  aircrafts. 


LTN  51  Data  Bus  Interface 


5.  3 

Design  and  fabrication  of  an  electronic  interface  which 
interrogates  the  LTN  51  serial  data  bus  and  converts  it  to  a parallel 
BCD  format  computable  with  the  Buffer  Memory  System  has  been 
completed.  The  unit  has  been  installed  and  tested  in  the  P-3A  aircraft 
and  latitude  and  longitude  outputs  have  been  observed  on  the  Buffer 
Memory  nixie  tube  display. 

6.  HOLOGRAPHIC  CAMERA  SYSTEM 

FAA  approval  for  installation  of  the  SA1  holographic  camera 
was  finalized  in  Newark,  New  Jersey,  after  a coordinated  effort  with 
Butler  Aviation  and  the  local  General  Aviation  District  Office  (GADO). 

The  Citation  was  flown  to  Newark  prior  to  approval  in  order 
to  familiarize  the  FAA  representative  with  the  proposed  installation. 
Subsequently,  all  necessary  documentation  was  assembled  and  sub- 
mitted to  FAA. 

Upon  receipt  of  FAA  approval,  the  camera  was  installed  at 
Wallops  Flight  Center,  Virginia.  Documentation  is  included  in 
Appendix  D. 

Since  its  installation,  MRI  has  supported  SAI  by  providing 
test  and  operational  support  as  necessary. 

Specific  comparisons  between  the  DNA  Formvar  replicator 
and  the  SAI  holographic  system  are  being  made  at  the  request  of 
R.  Cunningham,  AFCRL,  by  preparing  representative  photographs 
of  the  crystal  habit  recorded  by  the  Formvar  replicator  during  the 
acquisition  of  each  holographic  record  made  on  5 March  1975. 


ACTIVITIES  DURING  THE  NEXT  REPORTING  PERIOD 


During  the  period  from  1 April  through  30  April  197  5,  the 
Citation  and  its  crew  wiii  be  available  at  Wallops  Flight  Center  to 
support  research  activities.  This  extension  of  research  activity  by 
DNA  from  the  previously  scheduled  end  date  of  31  March  1975  will 
change  the  decomissioning  dates  for  the  Citation  research  aircraft 
to  I May  through  15  May  1975,  after  which  time  it  will  be  returned 
to  Alpine  Aircraft  Charters,  Inc.,  in  Denver,  Colorado. 

The  navigation  systems  will  be  removed  from  both  the  P-3A 
and  Citation  and  returned  to  Litton  Aero  Products. 

Data  processing  and  mission  reporting  will  continue  through 
the  end  of  the  contract  period. 


Headquarters 

Do  I Hue  1 < - i r Agency 

Washington,  1).  C.  20305 

Attn:  Jeanne  Ryder 

Dear  Miss  Ryder: 

Kef:  DMA  Contract  001-75-00040,  P00001/M1U  9 104 141206,9 10414 1408 , 9 104  1.4 1 4 ) i 

Discussions  and  agreements  between  DNA/SAM:1)  a:  i Meteorology  Research 
technical  personnel  have  resulted  in  changes  in  the  work  being 
performed  by  Meteorology  Research  on  the  subject  contract  modification 
(P00001) . 

As  a result  of  these  agreements,  it  is  requested  that  contract  mo 
cation  covering  the  following  items  be  issued  at  no  additional  cost 
the  Government: 

References  are  to  P00001  of  the  basic  contract. 

ART  It’l.E  t.  SCUi’i:  OF  WURR 

Under  paragraph  "D. , page  3.  delete  items  5,(  7,8  and  9,  and 
substitute  the  following: 

i 

5.  Design  and  fabricate  an  electronic  interlace  to  interrogate 
t.TN  51  to  obtain  position  data  from  the  aerial  data  bus  ami  convert 
it.  to  a parallel  BCD  format  compatible  with  ic  : r r io  y a ' 
recording  systems. 

f>.  Install  and  test  the  operation  of  1 "i . 1 i i d.ita  interlace 

on  the  P-3A  Weather  Reconnaiss  tn  e it  t I 

■ 7.  Acquire  I'AA  approval  for  the  ■ ..  rap' 

camera  system  on  the  Citation  Cloud  e.a  t 

8.  Install  and  operate  the  SAI  hole  .i  . .. 

■ Citation  Cloud  Physics  Aircraft. 

K, 

If  you  have  questions,  please  contact  me. 


LYC  (Dr.  Barn**,  X-3284)  31  January  1975 

Cltation/SAMS  Data  Required  by  AFCRL 


HQ  SAKSO/RSSX  (Cape  Plsarcxyk) 

1.  The  following  Information  la  provided  for  tb*  work  statement 
for  the  MBLI  contract,  concerning  the  data  to  be  provided  to  AFCRL 
from  the  Citation  for  SAMS  V mlsalons. 

a.  AFCRL  need*  th*  following: 

(1)  In  real  tin*  while  th*  Citation  is  making  measurement 
pass**,  shortly  before  or  after  th*  cola* loo. 

(a)  At  least  two  time  checks  (GMT  time)  during  flight 
along  with  deviation  from  UDCC  time  if  any. 

(b)  Time,  with  remarks  on  the  weathar,  on  passing 
points  L and  K,  the  beginning  and  end  points  of  th*  pass**. 

(c)  Altitude  of  th*  pass.  Pressor*  altitude  with 
altimeter  s*t  to  29.92. 

(d)  General  consents  on  the  visually  observed  weather. 

(e)  When  feasible  for  each  pass,  a sample  count  of  IMS 
channels.  This  would  be  specified  by  the  AFCRL  Field  Director  from 
the  WOCC  end  would  usually  be  a visual  estimate  of  the  average  one 
second  counts  in  channels  1 and  4 or  2 and  5 of  the  precipitation  probe. 
This  information  will  be  provided  on  request  only. 

(2)  Za  order  to  aid  in  the  preparation  of  the  48  hour  TVX, 
the  AFCRL  Field  Director  needs  by  36  hours  after  the  shot  the  following: 

(s)  Times  (GMT)  of  the  beginning  end  ending  of  each  run, 
the  pressure  altitude  of  the  run  and  an  indicated  temperature  and 
airspeed. 

(b)  Pertinent  comments  on  the  observed  weather  during 

th*  flight. 

(c)  If  the  local  Salisbury  computer  can  be  used,  a print* 
out  of  tt .a  average  particle  concentration  per  channel  for  each  PMS  probe 
(average  or  total)  for  each  pass  is  desired.  Particle  covet  per  channel 
for  each  p*/is  could  be  supplied  in  lieu  of  the  above. 


(d)  The  degree  of  success  of  the  operation  of  each 
Bwjor  piece  of  equipment  during  the  flight.  i.*.»  the  HIS  pro  he*,  the 
foil,  replicator  end  temperature  probe.  If  there  was  * problem , e 
short  ■ rtf seen r of  the  nature  of  the  problem  Is  desired. 

(3)  In  the  longer  time  scale.  It  la  requested  that  the  crystal 
habit  or  percent  of  each  crystal  habit  idantlfiad  per  pass  be  discussed 
with  AFCSL  before  the  further  processing  of  the  PMS  data  tapes.  For 
this  purpose  the  foil  and  replicator  data  should  b*  examined  but  no 
extensive  analysis  of  the**  data  are  presently  programed. 

(a)  The  catalog  of  shadow  length  to  mas  relationships 
tbit  axe  used  in  the  analysis  of  the  IMS  data  should  be  supplied  to  AFCRL. 

(b)  After  crystal  type  of  mix  per  peas  has  been  agreed, 
to  by  AFCHL  end  MRI  the  PHS  raw  tap*  data  should  be  transferred  to  a 
KwaJ slain  type  tape  and  this  tape  sent  to  AFCRL/LYC  to  arrive  HLT  30  days 
after  mis# ion.  Crystal  habit  or  percent  nix  used  for  eech  pass  should  ta 
Included. 


(c)  A summary  listing  of  particle  concentration  and  IWC 
pmx  pass  should  be  provided  similar  In  format  to  that  In  K&I  report  on 
prgjgr  mission  on  25  March  1974,  report  dated  23  April  1974. 


> ISOLD  A.  BAXSE3,  Jr.,  Acting  Chief,  Cy  to:  OKA  (Capt  R.  Houston) 

Convective  Cloud  Phyalca  Branch  Mil  (Mr*  R»  Davey ) t- 

Meteorology  Laboratory  SAMS)  Qtr.  J.  Hess) 

LY  (Dr.  R.  Cunningham) 
LYC  (Mr.  H.  Class) 
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GENERA! 

ThP  l.TN-51  operational  computer  program  100551  was  written  to  meet 
the  requirement  of  the  Meteorology  Research  Inc.  of  California. 

The  program  provides  steering  commands  to  trace  a series  of  moving 
points  in  space  in  addition  to  normal  LTN-51  functions. 


PROGRAM  CHA1'-V  11  111  S'!  ICS  IN'  VtRMAI  1 TN-  1 GIT-RATIONS 

Turn-On  - When  the  rode  *-li  tor  switch  is  set  to  STBY , turning  on  the 
system ; the  right  m . -e  i i a 1 Oil  lisplay  will  indicate  the  c emp1 : 

program  numtiei  : 1 5ele<  tor  must  be  in  POS  or  W'l  rhe 

left  nuPieri.  .» I d i play  will  !■•  all  zeros  and  the  FROM/TO  display  will 

indicate  a 1 traik.  liter  a position  data  tntry  has  been  mack, 

the  r : i* 1 1 nu  * t . .. i lis]  Lay  will  not  display  the  comj tu  t ex  pi  number • 


j 


I 

1 


Waypoint  Zei  ano  — Present  Po*-  * ion  and  Waypoints  0 through  9 will 
be  zeroed  when*  v*'r  the*  mode  ■ e 1 e*.  *»>r  switch  is  set  iron  OFF  t<  1 

or  iron  NAV  to  STBY.  The  compute-  program  number  will  be  di-plaed 
in  the  right  numerical  display  with  Display  Selector  switch  set  to 
f»OS  or  WPT. 


During  STBY  and  AI  IGN  modes,  with  the  CD!'  Display 
set  t <>  TEST;  left  and  right  numerical  display  are 
ar  -minute  sign,  NS,  EW,  and  all  "t’ 
ALERT,  BAIT  an!  WARN  annunciators  art 
analog  test  values: 


Display  Test  - 
Selector  switch 
deg  ret*  signs,  decimal  point, 
From/To  display  is  ”88"  and 
on.  The  computer  will  output 

Pa rai  . ter 

Analog  True  Heading 
Analog  Track 
Analog  Drift  Angle 
Analog  Track  Angle  Error 
Analog  TAE  ♦ DA 
Ground  Speed 


Value 

11.25  degrees 

22.5  degrees 

11.25  degrees 

22.5  - (Desired  Track) 

(Desired  Track)  - (Acit.  True  Heading) 
5>1  2 knots  ground  peed  is  simulated 
for  steering  signal  computation 


The  AI-'INC 
signal  wi 


Ti  »•.  mitter  will  output  "H’s"  and 
1 •.  v,*t  It-  the  warn  condition. 


the 


INS  Comparison  Warn 


L 


SIZE 

.AJ 

SCALE 


CODE  I CENT  NO. 

30782 


NUMBER 

454U47-10O551 

[sheet 


REV 


or 


i 
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Alignment  Status  Values 


DESCRIPTION 


90  First  60  seconds  after  turn-on  during  which  the 

Gimbal  is  caged  and  the  gyros  are  spun  up. 

80  Analog  fast  level  mode,  lasts  120  seconds.  Alignment 

will  be  held  in  STS  80  until  present  position  has 
been  entered  and  the  MSI'  mode  switch  is  set  to  ALIGN. 

70  Digital  fast  level  mode,  lasts  100  seconds  (Align 

timer  - 220  seconds).  Alignment  held  in  STS  70 
until  the  platform  up- to- temp  discrete  is  received 
by  the  computer 

60  Velocity  averaging  mode,  lasts  25  seconds,  at  end  of 

which  alpha  estimation  is  tested  for  reasonableness. 

50  Damping  mode  lasts  for  120  seconds  during  which 

velocities  are  allowed  to  dampen  out  after  direction 
cosine  update. 

40  Alignment  gains  arc  changed  for  fine  gyrocompassing . 

This  period  last  120  seconds. 

At  the  end  of  STS  40  fine  gyrocompassing  continues.  The  status 
number  displayed  indicates  the  largest  of  the  following  three 
quantities;  Vx  pulses,  Vy  pulses  or  north  gyro  drift.  Status 
value  associated  with  measured  north  gyro  bias  have  the  following 
correspondence ; 

STATES  NORTH  GY  RQ  PI  AS 

0 Less  than  0.036  degree s/hour 

1 0.036  to  0.072  degrees/hour 

2 0.072  to  0.112  degrees/hour 

3 0.112  to  0.148  degrees/hour 

A status  value  of  2 or  Less  must  be  achieved  lor  the  Ready  Nav 
Annunciation  on  the  MSU  to  illuminate.  North  gyro  bias  measured 
must  be  less  than  0.112  degrees/hour. 
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Alignment  Warnings 

1.  At  the  end  of  STS  (,0,  if  tobt  of  0.875  <(SIN‘?  Alpha  + COS2  Alpha) 

0.125  fails  lor  three  consecutive  25  second  velocity  averaging 
periods  (STS  60 );  the  flashing  warn  is  activated.  STS  60  is 
maintained  during  this  period. 

2.  Below  STS  80  (i.o.;  70  — r 0 ) the  flashing  warn  is  activated  an  * e 
Vx  or  Vy  exceeds  (overflow)  a predetermined  value  lor  more  1 \n 
three  real  tine  interrupt  cycles.  Alignment  is  reset  at  STS  ' -. 

3.  A flashing  warn  will  be  activated  if  Ready  Nav  criteria  is  not 
satisfied  within  two  minutes  alter  completing  the  fine  gyrocomp. , ss  i ng 
time  of  eight  minutes. 

4.  If  the  Align  ro<  >de  is  maintained  after  a Ready  Nav  Light  is  obtained; 
a flashing  warn  will  be  activated  if  the  status  value  exceeds  2 

for  a period  longer  than  two  minutes.  The  Ready  Nav  light  v.ill  be 
extinguished.  Warning  light  will  extinguish  and  Ready  Nav  will 
illuminate  any  time  the  status  is  2 pulses  or  less. 


Analog  output  Characteristics 

1.  Analog  true  heading  ( TR  HOG)  is  updated  ten  times  a second. 

2.  Drift  angle  (DA)  and  DA  + track  angle  error  ( TKE ) are  selected 
as  analog  output  signals. 

3.  ARINC  steering  signals  ar»'  available  on  track  angle  error  converter 
if  LTP— 13  is  grounded  to  LTP— 3. 

4.  Steering  signal  output  is  limited  at  ±30  degrees  bank  angle  command. 

Track  Switching  Characteristics 

1.  Auto  mode  - If  Steering  Discrete  (LTP-13)  is  grounded  to  LTi -3; 
track  leg  switching  is  executed  at  30  seconds  time  to  go.  ALERT 
light  will  illuminate  at  two  minutes  time  to  go  if  ground  speed 
is  greater  than  250  knots. 

2.  Manual  Mode  - Switching  point  mechanization  is  the  same  as  above 
with  the  exception  that  track  change  is  not  made  automatically. 

In  lieu  of  the  automatic  track  change;  the  ALERT  light  is  flashed 
as  an  indication  to  the  operator  to  change  track  manually.  ALERT 
light  flashing  begins  0.5  minutes  time  to  go. 
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Track  Hold  Mode 


1.  A Desired  Track  may  be  inserted  into  the  computer  to  provide  an 
INS  Track  Hold  mode.  With  ttie  CDU  Display  Selector  switch  set 

to  DSR  TK/STS  position,  the  desired  angle  is  entered  by  depressing 
the  0 button  on  the  CDU  and  inserting  the  angle  to  the  nearest 

0.1  degrees  in  the  lcit  numerical  display. 

2.  DIS,  TIME  and  XTK  values  will  be  zero  and  the  FROM/TO  display 
will  indicate  99. 


I 


Distance  Between  Waypoints  in  Normal  L'IN—  51  Operations 

1.  Set  the  CDU  AUTO/MAN/HMT  switch  to  RMT.  The  FROM/TO  display  will 
bl  ink. 

2.  Sot  display  selector  to  DIS/TIME.  Left  numerical  display  will  be  >000. 

3.  Enter  track  change  between  waypoints  to  be  interrogated.  The  left 
numerical  display  will  be  the  distance  between  these  waypoints. 

Normal  track  distance  calculations  and  track  switching  continues, 
uninterrupted  during  waypoint  interrogation. 

4.  Switching  to  AUTO  or  MAN  restores  the  normal  FROM/TO  and  DIS  display. 


BCD  bus  characteristics 


Label 

(Octal ) Quantity 

Uni  t s 

Resolution 

1 

Distance  to  Go 

Nm 

0.1  Nm 

2 

Time  to  Go 

Mi  n 

0.1  Min 

5 

Track  angle  rror 

Deg 

0 . 1 Deg 

10 

Lat i tude 

Deg  & 

Min 

0.1  Min 

11 

Longi tude 

Deg  & 

M in 

0.1  Mi- 

Display  Restrictions  in  Normal  I.TN-51  Operations 

1.  For  ground  speed  equal  to  or  less  than  10  knots,  track  is  set 
equal  to  true  heading  and  time  to  go  is  set  to  zero. 

2.  For  a FROM/TO  track  of  00  (also  present  p<  ition  has  not  been 
entered),  DSR  TK,  TKE , XTK,  DTG  and  TTG  are  set  to  zero. 

Wind  Computations 

Computer  program  is  capable  of  computing  wind  speed  and  direction 
based  on  keyboard  entry  of  true  air  speed. 
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Tape  Verification 

Verification  of  computer  program  fill  starts  at  location  OOOO. 
Gyro  Bias  and  scale  factor  locations  - 
Locat ion  Paramo rer  ^ 

7004  BXDT,  X gyro  bias 

7005  BVD7 , Y gyro  bias 

7006  BXDT , Z gyro  bias 

7007  GSX,  Modifier  for  X gyro  scale  factor 

7010  GSY,  Modiiier  for  Y gyro  scale  factor 
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Sampling  mission  switching  character isi tcs  - 

1.  A discrete  toggle  switch  labelled  'MISSION  START'  will  be  employed 
and  must  be  heavily  defended  in  the  ON  position  to  prevent  inadequate 
turn  off  during  mission  operations. 

2.  Switch  in  the  OFF  position  - The  normal  align  and  navigate  functions 
of  a standard  LTN-51  system  shall  be  performed. 

3.  Switch  in  the  ON  position  - The  switch  will  be  placed  in  the  ON 
position  in  the  NAV  mode  and  enables  entry  of  all  mission  data 
parameters.  The  placing  of  the  switch  to  the  ON  position  starts 
the  real  time  integration  to  update  the  relative  position  of 
aircraft  with  respect  to  moving  sampling  point. 


Mission  data  entry  and  display 

The  'MISSION  START'  switch  will  be  set  to  ON  position  a first  time  to 
load  the  following  data: 

1.  Storm  direction  and  velocity 

a.  Set  AUT0/MAN/RMT  switch  to  AUTO  or  MAN. 

b.  Set  selector  switch  to  DSR  TK/STS 

c.  Set  WPT  * to  0 

d.  Press  the  'O'  key  for  left  display  and  enter  storm  direction 
to  the  nearest  tenth  of  a degree. 

e.  Press  the  '5'  key  for  right  display  and  enter  storm  speed 
to  a knot. 


2.  Azimuth  angle  and  glide  ratio 

a.  Leave  AUTO/fclAN/RMT  switch  to  AUTO  or  MAN. 

b.  Set  selector  switch  to  DSR  TK/STS 

c.  Set  WPT  tt  to  1. 

d.  Press  the  'O'  key  for  left  display  and  enter  azimuth  angl« 
to  the  nearest  tenth  of  a degree. 

e.  Press  the*  '5'  key  for  right  display  and  enter  glide  ratio 
to  a feet  (feet  in  horizontal  plane  per  1000  ft  change  in 
alt i tude ) . 

Note:  Typically  the  switch  will  be  placed  to  the  OFF  position  after 
the  abo-e  parameter s are  loaded  and  normal  LTN-51  operations 
will  be  performed. 

The  ’MISSION  START'  switch  will  be  placed  in  the  ON  position 
a second  time  at  the  instant  the  re-entry  vehicle  arrives  at  the 
pierce  p nt  and  the  following  data  shall  be  loaded. 

3.  Pierce  Point  latitude  and  longitude 

a.  Set  AUTo/MAN/RMT  switch  to  AUTO  or  MAN 

b.  Set  display  selector  switch  to  Vi'l’T 


d.  Press  the  'N*  or  ’S'  key  and  enter  the  latitude  to  the  nearest 
tenth  of  a degree 

e.  Press  the  ' or  'W*  key  and  enter  the  longitude  to  the  nearest 
tenth  oi  a degree. 


4.  Pierce  Point  altitude 

a.  Set  AUTO/MAN /PMT  switch  to  AUTO  or  MAN 

b.  Set  displ.i"  selector  switch  to  DSR  TK/STS 

c.  Set  WP7  * to  ^ 

d.  Press  the  ' ' key  for  right  display  and  enter  the  first  two 

digits  of  altitude  in  unit  1000  t. 

Exam;  1»  - For  35,200  ft.  enter  35 

for  5,200  ft.  enter  5 
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5.  Desired  altitude  of  the  first  point  to  be  sampled. 

a.  Set  AUTO/MAN/RMT  switch  to  MAN 

b.  Press  the  TK  CHG  pushbut  ton 

c.  Enter  the  first  two  digits  of  desired  altitude  in  unit 
1000  ft  through  the  CDU  keyboard. 

d.  Press  the  TNSFR1  pushbutton.  The  FROM /TO  waypoints  display 
should  read  the  numbers  inserted  and  the  lights  on  TK  CHG 
and  INSERi  will  go  out. 


Note:  Automatic  track  change  shill  not  occur  with  mission  start 

switch  ON  position.  The  selection  of  the  desired  tangent 
plane  shall  be  performed  manually  by  entering  the  altitude 
using  the  procedure  cited  in  5. 

6.  Entry  of  true  air  speed  (TAS) 

a.  Set  AUTO/MAN/RMT  switch  to  RMT 

b.  Set  display  selector  switch  to  DSRTK/STS 

c.  Press  the  '5'  key  for  right  display  and  enter  true  air  speed 
to  a knot 

Note:  The  entry  of  true  air  speed  is  available  for  both  positions  of 

of  * MISSION  START'  switch.  Set  AUTO/MAN/RMT  switch  to  AUTO 


or 
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Display  Restrictions  in  MR I mission  operations 


XI K is  set  to  zero  with  'MISSION  START'  switch  in  ON  position 

To  display  desired  track  (DSR  TK)  set  display  selector  switch 
to  DSR  TK/STS  and  set  wpt  ft  to  2. 


Alert  light  characteristics  in  MR I mission  operations 


Alert  light  and  remote  alert  light  will  illuminate  1 minute  time 
to  go  prior  tc>  reaching  sampling  point  and  remain  illuminated  i< 
2 minutes. 

ALERT  will  not  illuminate  unless  desired  altitude  is  entered  an 
selection  of  tangent  plane  where  the  sampling  wi  1 1 Le  performed 
completed. 


GENERATION  OR  STIFLING  COMMANDS 


Coordinate  system  used 


A locally  level  rectangular  coordinate  system  moving  in  storm  direction 
with  storm  speed  has  been  used.  (Refer  to  Figure'  1) 

In  this  system  X is  north,  Y is  east  and  Z is  up.  The  center  of 

the  coordinate  system  is  referenced  to  the  position  of  mission  aircraft 

at  the  instant  the  'MISSION  START'  switch  is  placed  in  ON  position. 

The  altitude  oj  Po  is  assumed  as  pierce  point  altitude. 


Storm  Di roc t ion 


Figure  I 
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Guidance  equations  - 


Po  (0o,  Ao) 
PP  (0pp,  *pp) 
SP 
AC 
‘td 
V s 

t az 


Figure  2 

A/C  Lat/Long  at  ’MISSION  START'  switch  ON  position 
Pierce  point  Lat/Long 
Desired  sampling  point 

A/C  present  position  integrated  by  XS  and  YS 
Desired  track  angle  to  intercept  the  sampling  point 
Storm  direction 

Azimuth  angle  of  re-entry  vehicle 


Offset  due  to  altitude  difference  angle  and  glide  ratio 
of  re-entry  vehicle  (projected  onto  X-Y  plane)  (pierce 
point  al t . -desired  alt.)  X glide  ratio 


: Time  to  go  to  intercept  the  sampling  point 

: Distance  to  go  to  intercept  the  sampling  point 
: Relative  track  single  of  A/c  in  moving  coordinate  system 
: Relative  ground  speed  of  A/c  in  moving  coordinate  system 

: Storm  speed  along  X-axi s 

: Storm  speed  along  Y-axis 

: A/C  speed  along  X-axis 

: A/C  speed  along  Y-axis 

: Storm  speed 

: Track  angle  error  in  moving  coordinate  system 

: Relative  A/C  speed  along  X-axis  in  moving  coordinate 

system 

: Relative  a/C  speed  along  Y-Axis  in  moving  coordinate 

system 


XRTPP  = 

0PP  “ 

/o 

YRTPP  = 

Upp  - 

-ko)  • 

Cos  0o 

XDIF  = 

p cos 

i[  a 2 

YD  IF  = 

p sin 

V a 2 

VXS  - 

P cos 

VYS  = 

Vs  sin 

XS  = 

T (VN 

-VXS) 

U L 

YS  = 

f (VE 

-VYS) 

dt 

-1 

/ V E - 

VYS 

TKP  = TAN 

\ 

\ VN  - 

VXS 

GSP  = 

1 

> 

■VYS)2 

+ (VN  - 

XDIST  = 

XRTPP 

+ XDIF 

-XS 

= XRTPP  + XDIF  (VXS  -VN)dt 
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YulST  = YUTrl  * YDIF  -Ys 


= YRTPP  + YDIF  +J'(V YS  -VE)dt 


DIST  = V(XDIST)2  + (YDrST)2 


T d = TAN 


-I  ( YDfST 
yXD  I S'! 


ttg  = dist/gsp 

TKEP  = TKP  - 


Summary  of  MR I mission  operations  - 

1.  Set  ' MISSION  START’  switch  to  ON  position  in  NAV  mode 

2.  Enter  the  available  mission  data  parameters 

a.  Storm  speed  and  direction 

b.  Azimuth  angle  and  glide  ratio  of  re-entry  vehicle 

c.  True  air  speed  (available  lor  both  positions  of  ’MISSION 
START’  switch) 

3.  Set  ’MISSION  START'  switch  to  OFF  position  and  insert  adequate  track 
leg  for  normal  1 TN-51  operations. 

4.  Set  ’MISSION  START’  switch  to  ON  position  a second  time  at  the  instant 
the  re-entry  vehicle  arrives  at  the  pierce  point. 

5.  Enter  the  following  data 

a.  Pierce  point  latitude/longitude 

b.  Pierce  point  altitude 

c.  First  desired  sampling  altitude 

>.  When  the  INSERT  pushbutton  is  pushed  to  enter  the  first  desired  sampling 
altitude,  the  displayed  values  on  CDU,  DTG,  TTG,  DSRTK  and  TKE  are  the 
necessary  steering  commands  for  the  mission  operations. 

7,  Start  sampling  when  the  ALERT  light  illuminates  1 minute  time  to  go 
prior  to  reaching  the  point. 

i.  During  the  period  of  changing  altitude,  set  display  selector  switch  to 

DI S/TIME  and  observe  relative  position  of  airplane  to  next  sampling  point 

K When  the  mission  airplane  enters  the  tangent  plane  where  the  sampling 
will  be  performed,  insert  the  first  two  digits  of  desired  altitude 
in  unit  1000  feet. 

(SIZE  C00E  IDENT  NO.  I NUMBER  | 

A 30782  ' 4 54047—100551 


SHEET  1 7 CF 


»0PM  V.  o 2 


Cl -3. 14 


DEPARTMENT  OF  TRANSPORTATION 

FEDERAL  AVIATION  ADMINISTRATION 


A 


150  Riser  Road 
Teterboro  Airport 
Teterboro,  New  Jersey 
07608 


February  19 » 1975 


Mr.  C.  Cullian 

c/o  Pleasent  Acres  (Schaff) 

Church  Street  Extended 
Chincoteague,  Virginia  23336 

Dear  Mr.  Cullian: 

Attached  is  the  Citation  file.  Please  attach  the  original  letter 
from  Mr.  Clarence  D.  Fields  regarding  the  flight  check  to  the  approved 
Form  337  dated  June  21+ , 197U. 


October  31,  1973  GENERAL  AVIATION  DISTRICT  OFFICE 

Ontario  International  Airport 
Ontario,  California  91761 

OPERATION  LIMITATIONS 
RESTRICTED-MULTIPLE 

MAKE:  Cessna  REGISTRATION  NO:  N511CC 

Model:  500  Serial  NO:  500-001 

WEATHER  CONTROL 

The  aircraft  identified  above  has  been  certificated  under  the 
provisions  of  Part  21.187  of  the  Federal  Aviation  Regulations 
for  the  special  purpose(s)  as  indicated. 

1.  This  aircraft  shall  not  be  operated  in  any  manner  which  will 
endanger  public  life  or  property, 

5St.AH  flights  shall  be  conducted  in  accordance  with  part  91.39 
of  the  Federal  Aviation  Regulations,  except  as  noted  heroin. 

3.  Conversion  from  one  category  to  the  other  shall  be  performed  by 
or  under  the  supervision  of  a properly  certificated  mechanic 
or  in  accordance  with  FAA  approved  instructions,  as  appropriate. 

U.  A log  book  entry  shall  be  made  by  a certificated  mechanic  for 
each  conversion  from  one  category  to  the  other,  or  recorded 
in  accordance  with  FAA  approved  instructions,  as  appropriate. 

5.  When  operating  under  these  limitations  the  word  "RESTRICTED" 

In  letters  at  least  2"  high  shall  be  made  visible  from  each  side 
of  the  aircraft  near  the  cabin  doors. 

6.  Flight  crews  shall  be  thoroughly  briefed  on  special  flight 
operations  and  duties. 

7.  These  limitations  are  issued  in  conjunction  with  and  in 
addition  to  the  Special  Airworthiness  Certificate 

FAA  Form  8130.7,  dated  10-3Z-73 

/?/' 

M.  STOUT 

General  Aviation  Maintenance  Inspector 
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MAJOR  REPAIR  AND  ALTERATION 
(Airframe,  Powerplanf,  Propeller,  or  Appliance) 
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See  Reverse  Side 


4 UNIT  JDENTIf ICATION 

- , t, 

++++4  As  described  in  item  1 above)* 


a AGENCY'S  name  AND  ADDRESS 

William  R.  KcFall 
Alpine  Air  Charter 
Ctioleton  Inf  '1.  Airno r‘ 
Denver,  Co1  or~ 'o  302TQ 


6.  CONFORMITY  STATEMENT 

B KIND  OF  AGENCY 

nnTu.S  CEUtlFICfcTtD  MIChANiC 

JrOfiEIGN  crUTIflCATtO  MECHANIC 
TceRTIFiCAreo  rf/Aifi  station 


C CERTIFICATE  NO 


fj  I certify  that  the  repair  and  or  alteration  made  fo  the  unu(si  identified  in  item  I ah»»\e  and  described  on  the  reverse  <>t 
at  .uhments  hereto  hase  been  made  in  accordance  «*.ith  the  requirements  ol  T'art  4^  «.»t  tin  t S.  Federal  Aviation  Regulations 
and  that  the  information  furnished  herein  is  true  and  correct  to  the  best  of  my  knowledge. 


Jun'*  2/,f  1171 


SIGNATURE  OF  AUTHORIZED  INDIVIDUAL 

'1///.  v 


/ /./,  .r . 


7.  APPROVAL  FOR  RETURN  TO  SERVICE 


Pursuant  to  the  authority  given  persons  speotud  below,  the  unit  nleiii*hed  in  m m 4 >*  •*  • n spotted  in  the  manner  presents*  d h\ 
the  Administrator  of  the  Federal  Aviation  Administration  ami  is  ^''Af’f’ROVFD  Q]KF|K.  IKIJ 


i FA*  PIT  STANDARDS 

1 INSPECTOR 


OATg  OF  APPROVAL  OR 
REJECTION 

- a.  /-  ^ ' 


FAA  Form  337  (7-67) 


I INSPECTION  AUTHORIZATION 


I Canadian  department 
Of  TRANSPORT  INSPECTOR 


OlHfR  (Scat  h) 


( CERTIFICATE  OR  SIGNATURE  OF  AUTHORIZED  iNDiyifUAL 

DESIGNATION  NO  /J  / jA  S'  ‘Ak  ' * ~ - 
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NOTICP. 

VV'eigfif  and  balance  or  operating  limitation  changes  s hall  be  entered  in  the  appropriate  aircraft  record 
An  alterat ion  must  be  compati  ble  with  all  previous  altei  afions  to  assure  continued  conformity  with  the 
f ipphcabte  airworthiness  requirements. 


8.  DESCRIPTION  Of  WORK  ACCOMPLISHED  (If  more  space  is  required,  attach  additional  sheets.  Identify  with  air- 
craft nationality  and  registration  mark  and  date  work  completed . ) 

Following  nit eration  performed  on  Cessna  Citation  SAj  300-0011  Hep.  T!o.  TT511CC  on 
June  24 , 1974 . 

Removed  cerJ.er  section  of  modified  left  rear  passenger  window  ( 3.  3"xl4 . 3") . Install- 
ed halo  camera  mount  center  section  of  Same  dimension  bv  same  nttnehine  method. 
Installed  aerodynamic  fnirinfs  (2)  over  camera  lens  as  shown  in  accompanying  photo- 
graph with  f!  hirh  tensile  strength  bolts. 

Accompanyinr  '“cience  Ape  licnt,  ion- , Inc.  enplneerinp  analysis  verifies  structural 
inteprity  of  new  center  section  for  8.0  p.s.t.  differential. 

Thi3  Modification  nccompli3iied  usinp  Cessna  Citation  apnroved  manuals  and  AC  41.11-1 
and  -2  ns  puides. 

Also  installed  Holocnmera  control  unit  in  left  rear  passenrer  comnnrtment  on  seat 
rails  at  fuselape  station  239.90". 

Welpht  and  Balance  updated  and  correct. 


Attached  are: 


7 Photos 
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Note: 

This  aircraft  was  issued  a multiple  Airworthiness  Certificate  on  October  3 1 » 1 9 73 • 
The  installation  described  in  Item  8 Form  337  dated  June  it.  1974  is  added  equipment 
to  provide  data  in  conjunction  with  equipment  previously  installed  and  approved  for 
weather  gathering  data. 

Conformity  inspection  was  accomplished  on  June  24,  1974  in  accordance  with  FAR  43.7- 
Data  for  this  added  equipment  is  approved  to  conduct  flights  in  the  restricted 
category  only. 


See  attached  flight  check  statement  by  pilot  concerned 
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' Ls's's'S/w.  , 

Approving  Inspector  / Jules  Dt>  Crescehzo 
/ FAA,  AEA-GADO-16 
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WALLOPS  IS  I.  AND  CITATION  FLIGHT  RECORD 
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INTRODUCTION 


This  document  reports  on  the  progress  made  under 
Contract  DNA  00 1 - 75- C- 0040  and  modification  P00001  for  the 
period  from  I April  1975  through  II  May  1975. 

MRI  is  supporting  DNA  and  AFCRL  in  HEART,  SAMS, 
and  FLAME  hydrometeor  sampling  programs  at  Wallops  Island, 

Virginia.  This  support  includes  an  MRI  instrumented  and  operated 
Cessna  Citation  sampling  aircraft  leased  for  the  six  month  test 
period  16  November  1974  through  15  May  1975.  The  instrumen- 
tation includes  an  INS  leased  from  Litton  Aero  Products  and  modified 
specifically  for  HEART  sampling  missions.  MRI  is  also  responsible 
for  leasing  and  modifying  the  INS  used  in  the  P- 3A  support  aircraft 
based  at  Jacksonville,  Florida. 

This  report  discusses  the  progress  of  the  Citation  lease, 
the  INS  lease  and  modification.  Citation  flight  times,  flight  crew 
recruiting,  transportation,  accommodations,  and  coordination 
activities. 

2.  EXTENSION  OF  TEST  OPERATIONS  AT  WALLOPS  ISLAND 

On  26  March  1075,  MRI  received  a TWX  from  DNA 
extending  the  HEART  program  to  allow  missile  DW8  to  be  launched 
through  suitable  weather.  The  new  program  cutoff  date  was  extended 
to  30  April  1975  and  any  additional  cost  requirements  generated  by 
this  request  were  to  be  forwarded  to  DNA  as  soon  as  these  costs 
could  be  determined. 

The  TWX  and  the  request  for  additional  funding  by  MRI 
a.c  included  in  Appendix  A. 
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3.  PROGRESS  IN  PRINCIPAL  TASK  AREAS 

3.  1 Lease  Citation  N51ICC 

3.  I.  I Lease  Agreement 

The  lease  was  negotiated  with  Alpine  Aircraft  Charters, 

Inc.,  Denver,  Colorado,  and  guarantees  exclusive  use  of  Cessna 
Citation  N511CC  beginning  on  16  November  1974  and  terminating 
on  15  April  1975.  An  option  to  extend  the  lease  was  included  to 
allow  for  the  possible  extension  of  test  operations  beyond  the 
previously  scheduled  termination  date  of  31  March  1975.  This 
option  has  been  exercised  by  DNA  for  a one  month  period. 

3.  1. 2 Maintenance  and  Repair  of  Aircraft  Systems 

Alpine  Aircraft  Charters,  Inc.  is  maintaining  the  aircraft, 
avionics,  engines,  and  subsystems  and  performing  all  routine 
maintenance  inspections  as  per  the  lease  agreement.  Maintenance 
work  performed  on  the  aircraft  is  being  scheduled  so  as  not  to 
impact  test  operations. 

3.  1.  3 Copilot/Crew  Chief  Support 

In  accordance  with  the  lease  agreement,  Alpine  Aircraft 
Charters,  Inc.  is  providing  a full-time  copilot/crew  chief  to  support 
all  operations  during  the  lease  period. 

3.1.4  Insurance  Coverage 

Insurance  coverage  is  being  provided  by  Alpine  Aircraft 
Charters,  Inc.  and  the  cost  is  included  in  the  lease  price  of  the 
aircraft.  The  insurance  coverage  is  in  the  following  amounts: 

a.  Aircraft  Hull  Insurance  - full  coverage 

b.  Bodily  Injury,  other  than  passenger  liability  - $250,000 


I 
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c.  Property  Damage  - $500,  000  per  accident 

d.  Passenger  Liability  - $100,  000. 

The  certificate  of  insurance  was  included  in  the 


previous  report. 

3.  1.  5 Aircraft  Flying  Time 

The  lease  provides  for  unlimited  usage  of  the  aircraft 
during  the  period  of  the  agreement. 

3.  1.6  Acceptance  of  Citation  Aircraft  by  Alpine  Aircraft 

Charters,  Inc. 

In  accordance  with  paragraph  4 of  the  Aircraft  Lease, 
on  May  4,  1975,  a representative  from  Alpine  Aircraft  Charters, 
Inc.  , inspected  the  Citation  aircraft  at  the  MRI  modification  facility 
at  Cable  Airport,  Upland,  California,  to  determine  if  all  provisions 
had  been  met  in  returning  the  aircraft  to  its  original  condition 
following  decommissioning.  The  aircraft  was  accepted  as  meeting 
contract  requirements  and  was  scheduled  to  be  ferried  to  Denver. 

At  the  request  of  Alpine  Aircraft  Charters,  Inc.,  the  Citation  was 
ferried  to  Sacramento,  California,  for  required  maintenance  by  the 
Cessna  factory  maintenance  center  there,  and  then  flown  to  Denver. 
The  contract  was  charged  only  for  the  equivalent  Los  Angeles  to 
Denver  flight  time  as  noted  in  the  Appendix. 

3.  2 Coordination  of  Field  Operations 

The  MRI  program  manager  is  maintaining  close  contact 
with  DNA  and  other  government  agencies  to  assure  full  coordination 
of  '•11  aircraft  operations. 


Administer  Citation  Lease 


3.  3 

The  MRI  program  manager  is  maintaining  close  contact 
with  Alpine  Aircraft  Charters,  Lnc.,  to  assure  all  lease  provisions 
are  being  accomplished  and  all  necessary  maintenance  is  performed 
on  the  aircraft.  Invoices  are  examined  and  flight  time  charges  are 
verified  with  any  conflicting  items  being  resolved. 

3.  4 Lease  Litton  LTN-51  Inertial  Navigation  System  for 

Cessna  Citation  and  P- 3A  Aircraft 

3.4.1  Lease  Agreements 

The  lease  agreements  negotiated  with  Litton  Aero 
Products  provide  for  full-time  use  of  two  Litton  LTN-51  inertial 
navigation  systems  for  the  entire  length  of  the  contract  period.  A 
semi-annual  (six  months)  lease  was  negotiated  due  to  the  cost  savings 
compared  to  a five  month  period  on  a monthly  cost  basis.  A copy  of 
the  lease  was  included  in  the  previous  report. 

3.  4.  2 Pallet  A ssembly 

Two  special  pallet  assemblies  equipped  with  dual 
inverters  and  designed  to  adopt  the  Litton  LTN-51  installation  to 
aircraft  such  as  the  Citation  and  P-3A  are  included  in  the  lease 
and  have  been  installed  in  the  aircraft. 

3.  4.  3 Emergency  Battery 

In  accordance  with  the  lease  agreement,  Litton  Aero 
Products  has  supplied  emergency  batteries  designed  to  fit  the 
pallet  assemblies  which  assures  continued  INS  operation  in  the 
event  of  any  temporary  electrical  power  interruption. 
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Insurance 


The  leases  provide  for  insurance  against  all  risks  or 
loss  or  damage  from  every  cause  for  full  replacement  value,  as 
well  as  public  liability  including  personal  injury  and  property  damage. 

3.4.  5 Installation  and  Removal 

In  accordance  with  the  lease,  Litton  Aero  Products  is 
providing  field  service  support  for  the  complete  installation,  checkout, 
and  removal  of  the  INS  from  the  aircraft. 

3.  4.  6 Return  of  INS  Units  to  Litton 

On  May  1,  1975,  the  LTN-51  inertial  navigation  system, 
including  the  INU,  CDU,  MSU,  battery,  and  pallet  assembly,  was 
removed  from  the  Citation  aircraft  at  Cable  Airport  in  Upland, 
California.  The  following  day.  May  2,  197  5,  it  was  delivered  to 
Litton  Aero  Products  in  Woodland  Hills,  California,  thus  terminating 
the  lease  agreement  and  the  insurance  contract. 

Litton  field  service  removed  the  inertial  navigation 
system  from  the  Navy  P-3  aircraft  in  Denver,  Colorado,  on  4 and  5 
April  1975. 

Both  inertial  navigation  systems  were  in  good  condition 
when  received  at  Litton's  factory  and  letters  to  this  effect  are 
included  in  Appendix  B with  the  certificates  of  insurance. 

3.  5 Administer  INS  Lease 


i 


An  MRI  program  manager  is  administering  the  provi- 
s ms  of  the  lease  agreements,  reviewing  all  invoices  and  resolving 
any  conflicting  items. 
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Citation  Crew  Support  for  HEART  and  FLAME  Programs 


3.  6 

3.  6.  1 Complete  Consulting  Agreement 

A consulting  agreement  has  been  negotiated  and  a Citation 
rated  aircraft  captain  will  be  available  to  support  all  HEART  and 
FLAME  operations,  associated  meetings,  briefings,  and  alerts 
throughout  the  deployment  period  at  Wallops  Flight  Center. 

3,  6.  2 Relocate  Crew 

The  MR!  Citation  support  crew,  consisting  of  an  aircraft 
captain,  copilot/crew  chief,  and  instrument  operator  have  been 
relocated  to  the  vicinity  of  Wallops  Flight  Center  and  will  remain 
there  for  the  duration  of  the  program. 

3.  6.  3 Availability  of  MRI  Program  Manager  and  Sensor  Technician 

The  MRI  program  manager  and  sensor  service  technician 
are  available  on  an  "as  needed"  basis.  The  program  manager  is 
monitoring  the  following: 

a.  Activities  of  the  crew 

b.  Status  of  the  Citation  aircraft  and  its  instrumen- 
tation package 

c.  Procuring  and  shipping  consummable  and  crew 
support  items  as  they  are  needed 

d.  Arranging  the  replacement  of  crew  members  as 
the  need  arises 

e.  Closely  monitoring  the  packaging,  shipment,  and 
receipt  of  data 

Handling  customer's  requests  for  unspecified 
services  as  the  need  arises. 


f. 


3.  6.  4 Logistic  Support 

All  consununable  supplies,  spare  parts,  and  maintenance 
kits  required  to  operate  the  Citation  aircraft  and  its  sensor  package 
have  been  procured  and  shipped  to  Wallops  Flight  Center  to  be  used 
as  needed  throughout  the  program.  An  MRI  program  manager  is  in 
daily  contact  with  the  support  crew  and  any  needed  supplies  or  spare 
parts  are  shipped  as  soon  as  possible.  In  this  way,  the  aircraft  and 
any  part  of  the  sensing  package  is  available  for  program  support  in 
a 100  percent  ready  condition  almost  constantly. 

3.  6.  5 Supply  Foil  Replicator  and  Portable  Instrument  Package 

One  foil  replicator,  MRI  Model  1220A,  and  one  MRI 
portable  instrument  have  been  provided  for  the  duration  of  the  program. 

3.  6.  6 Citation  Flight  Hour  Summary  and  Flight  Approvals 

Appendix  C contains  a summary  of  the  Citation  flight 
hours  and  the  individual  who  authorized  each  particular  flight 
during  this  reporting  period. 

4.  DATA  ANALYSIS  FOR  HEART,  FLAME,  AND  SAMS 

4.  1 Flight  Operations 

Flight  operations  supported  by  the  MRI  Citation  during 
the  period  between  1 January  and  30  April  197  5 are  listed  in  the 


tii'  ••  below. 


MRI  CITATION  FLIGHT  OPERATIONS 


No.  of  Quick  Look  Preliminary  Final  Mission 
Date  Missiles  Report  Data  Summary  Data  Summary 


(1975) 

Operation  Fired 

Issued 

Issued 

Issued 

Status 

1-9 

SAMS 

2 

1-9 

N/A 

4-4 

Complete 

1-20 

HEART 

I 

1-24 

2-14 

Note  1 

Pending  info. 

2-4 

FLAME 

1 

2-4 

N/A 

N/A 

Complete 

3-5 

HEART 

0 

N/A 

N/A 

Note  2 

Pending  info. 

3-7 

SAMS 

1 

3-8 

N/A 

5/16 

Complete 

4-10 

Navajo /Cit. 

0 

4-14 

N/A 

Note  3 

In  progress 

4-15 

SAMS 

1 

4-15 

N/A 

Note  4 

In  progress 

4-25 

Radar /Navajo 
Cit.  Correl. 

/ 

0 

N/A 

N/A 

Note  3 

In  progress 

4-28 

Radar /Navajo 
Cit.  Correl. 

/ 

0 

N/A 

N/A 

Note  3 

In  progress 

Note  1 : Awaiting  final  decision  from  AFCRL  on  final  data  format. 

Note  2:  Formvar  photographs  have  been  prepared  for  comparison 
with  holograms.  Presently  awaiting  instructions  from  AFCRL 
regarding  interfacing  with  SAI. 

Note  3:  Processed  data  will  be  supplied  to  Don  Takeuchi,  MRI,  for 
input  to  the  TWCI  evaluation  program.  AFCRL  tapes  will  also  be 
supplied  to  support  radar  correlations. 

Note  4:  Preliminary  printouts  of  the  data  were  supplied  to  A.  Barnes, 
AFCRL,  on  May  8,  1975.  A formal  report  is  now  being  prepared. 


4.  2 Data  Deliverables 

Reports  issued  to  AFCRL  for  the  SAMS  operations  on 
Januarv  9,  March  7,  and  April  15  and  for  correlation  flights  on 
April  2.‘  and  April  28  require  a digital  tape  to  be  prepared  as  a 
deliverable.  The  original  format  for  the  tape  provided  six  second 
averages  of  the  measured  and  calculated  parameters,  but  as  of  May  5, 
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the  AFCRL  requirement  has  been  respecified  to  be  1 second  average  s 
for  all  runs. 


Since  this  notification,  the  MRI  software  has  been 
modified  accordingly  and  the  six  second  tapes  prepared  for  January  9 
and  March  7 have  been  replaced  by  one  second  tapes.  All  future 
digital  tapes  will  provide  1 second  data. 

4.  3 Request  for  Transfer  of  Imanco  Funds 

As  stated  in  MRI  Report  75R-  1 3 37,  the  image  equipment 
has  not  been  of  sufficient  value  to  warrant  its  use  for  analysis  of  the 
replicator  data.  As  a consequence,  a letter  dated  1 May  1975  was 
sent  by  MRI  to  Captain  Huston,  DNA,  requesting  that  the  below  line 
Imanco  funds  be  transferred  to  labor  dollars  to  allow  MRI  cloud 
physicists  to  interpret  the  crystal  replicas  for  all  flights  including 
Navajo /TWCI /Radar  correlation  flights  which  involved  the  use  of  the 
Citation  aircraft.  A copy  of  the  letter  is  included  in  Appendix  D. 

5.  ACTIVITIES  DURING  THE  NEXT  REPORTING  PERIOD 

MRI  will  continue  to  reduce  and  analyze  data  acquired 
during  aircraft  sampling  missions  flown  from  Wallops  Flight  Center 
and  be  responsive  to  any  additional  requests  by  AFCRL  in  relation 
to  these  activities. 


I 

* 

* 
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APPENDIX  A 

DNA  REQUEST  FOR  HEART  EXTENSION 
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TO  RUmOHEA/NASA  .ULJrJ;;  FLIGHT 
'Vjsr 


MR  I A TUA 

910-3«M-.J291  9 21  R-K. 10-091  A 

:28  H - 0 8 d 

d 261  937/'  i*l A 1 IS 
FM  H'3  UNA  WASH  DC 

ro  RUWOHE A/iMASA  »ULPS  FLIGHT  CEn  Till  a'ALLuP  6 INLAND  j\//  . BURNS// 

HU  LDAHA/tiENEHAL  SuEG  I IlC  CO  /.-  (LSD/  PO  BOX  / /22\  .A  1 9«  CKEM'NJT  ST 
PHILADELPHIA  PA  191U1//P  CL  I. Me// 

HOC  I AC  A /AFCRL  L.G.  HANSCOw  F I EL  0 HLDr  OiD  MA//R  OUnn  I .NGH  AM/ / 

RUC  LB  3 A / A F E T R PATRICK  AFO  FL//DJ/CP  1'  MONO/// 

RUWJREA/CELESCO  INU  JS  Til  ESN  I i\l  C • N KKXK  3 A 33  HAH-»JH  ALDUS  COSTA  .MESA  CA 
9262G//D  HAi-lL’i// 

RUWTBDB/PAR  TILLS  ML  3i  H I MG  SYSTEn.SN  INC.N  i jA69  *S  S 1 ERN  ADEN  BOULDERS 
CO  H0301//R  KNOLLSNUERG// 

rtUrfJHEA/MarSOHOLOUY  RESEARCH  I mC.  • \ A 6 A 2'm£ST  //OODBURY  HU/  AL  T A DL.MA 
CA  91001//  0 UAOSY 

R'lC  JI3RF/0  *-  A » LA  l'H  id  S 0 JAD.RONN  JACKSON  J ILLE  FL//CDH  SIHCH// 

HU  EBPAA/RC  1 SNC  S AP^LlCA TIUNSN  INC.N  1661  OLD  MSADOai  HIJ\  MCLEAN  9A 
22101 //J  COCKAYNE// 

RUEBPAA /MET I S COHP\  200  S wHITInu  STS  ALLS  ANDH I A DA  2230A//J  CURRISH// 
HUM  TALA /TEXAS  I MS  1 HUME  j 1 SS  INC.SPU  BOX  SA /AS  DALLAS  IX  /6'22'2/R  HAGEN/ 

H JWJEBA/SAMSO  LOS  ANGELES  CA//RSSE//RS TA// 


I 

i 

1* 


PACE  T MO  H'JEBUHAO  65  A U.MCLAS 

U.MCLAS  OiMA/SPAS  SENDS 

SUB  J CLiM  HEAH  1 PROGRAM  EXTENSION 

1.  I HE  HYDH  METEOR  EHUSION  AND  HECftSSIO.N  TEST  /HEAH  IV  PHUliHAM  .vlLL 
BE  EXTENDED  TO  ALLO.v  MISSILE  D.vH  TO  BE  LAUNCHED  THRO UGH  S'JI  TABLE 
WEATHER.  THE  NEm  PROGRAM  CUTOFF  DATE  I -5  30  APHID  197.1. 

2.  TO  ALLOW  FOR  PROPER  FUN  IJ I .MO  COVERAGES  YOoH  PROPOSAL  KJH  ANY 
ADDITIONAL  FUNDIN'?  REDO  I 3EME.N  TS  GENERATED  BY  THIS  EXTENSION  SHOULD 
BE  FORWARDED  TU  UNA  AS  SOON  AS  COSTS  CAN  BE  DETERMINED.  IT  SHOULD 
BE  NOTED  THAT  AS  OF  / APRIL  1975N  THE  P3A  vlLL  IS  UNAVAILABLE  TO 
SUPPORT  HEART  AnD  THE  Cl  JOE  .vlLL  BECOME  THE  PRIME  REC.0NNA1  SEANCE 
AIRCRAFT. 

BT 

MR  I AT  DA 
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APPENDIX  B 

LITTON  INS  CERTIFICATE  OF  COMPLETION 
AND  INSURANCE  DOCUMENTS 


1 r1  AERO  PRODUCTS 

Litton 


3 June  1975 

In  reply  please  reference: 
MEM  75-0o-lO46 


Meterology  Research,  Inc. 

464  West  Woodbury  Road 
Box  637 

Altadena,  California  91001 
Attention:  Dr.  Bob  Davey 

Subject:  Purchase  Order  45440-744,  Certificate 

of  Completion 

Gentlemen: 


The  following  LTN-51  Inertial  Navigation  Equipment  was  leased 
under  the  subject  Purchase  Order  from  1 December  1974  through 
4 April  1975: 


One  ea. 
One  ea . 
One  ea. 
One  ea . 
One  ea. 


Inertial  Navigation  Unit,  P/N  663450 
Control  Display  Unit,  P/N  663550 
Mode  Selector  Unit,  P/N  663570 
Battery  Unit,  P/N  500012-01 
Pallet  Assembly,  P/N  451835-01 


This  is  to  certify  that  the  subject  Purchase  Order  is  complete 
and  that  all  of  the  above  listed  equipment  has  been  returned 
to  Litton  in  good  condition,  as  of  5 April  1975. 

Enclosed  is  the  Certificate  of  Insurance  which  verifies  that  . 
the  equipment  was  covered  for  the  period  of  the  lease. 

Field  Engineering  services  were  performed  on  4 and  5 April 
1975,  to  remove  the  equipment  from  the  Navy  P3  aircraft  in 
Denver,  Colorado. 


If  we  can  be  of  additional  service  to  you,  please  contact  me 
at  (213)  887-3146. 


Very  truly  yours, 

LITTON  SYSTEMS,  INC. 
Aero  Products  Division 


<L.  *- 


s'  ' L 


Marjorie  'Massey 
Contract  Administrator 


MM : dm 

Enclosures:  Certificate  of  Insurance 


V 
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THIS  IS  TO  CERTIFY  that  LITTON  INDUSTRIES,  INC  has  adopted  a plan  known  as 
THE  u rn  >N  SELF  INSURANCE  PI.AN  for  the  protection  of  its  subsidiaries  and  divisions  against 
all  risks  of  physical  loss  to  real  and  personal  property,  subject  to  a limit  of  $500,000  for  any  one  loss 
or  occurrence 

The  protection  provided  is  subject  to  the  terms  and  conditions  contained  in  the  description  of  THE 
LITTON  SELF  INSURANCE  PLAN  which  includes  but  is  not  limited  to  the  perils  of  fire,  lightning, 
Wind  and  hail,  explosion,  airciaft,  vehicle,  smoke,  :m,  civil  commotion,  vandalism,  malicious  mischief, 
flood,  watei  damage,  burglary,  theft,  transit  risks  and  jserils  of  the  seas  as  defined  in  - 

(a)  American  Institute  Time  Hull  Form  January  1,  1964) 
lb)  American  Institute  Lake  Time  Hull  Form  {March  1,  1963  ,, 

(c)  American  Institute  Time  Hull  Deductible  Average  Clause  (November  I,  1964) 

(d)  Collision  Clause,  including  Towers  and  Extended  Towers  Liability  Endorsement 

THE  LITTON  SELF  INSURANCE  PLAN  includes  coverage  of  the  property  specifically-  described  m 
the  lease  or  the  agreement  between  — 

AERO  PRODUCTS  DIVISION 
Litton  Systems,  Inc. 

and 

Meteorology  Research  Lab 
P.  O.  Box  637 

Altadena,  California  91001 


Description  of  Property 


1 - LTN-5J  Inertial  Navigation  System 
1 - Battery  Unit  - P/N  500012-01 
1 - Pallet  Assembly  - P/N  451835-01 
with  4G-foot  cables. 


Lease  Period:  12-1-74  to  4-30-75 


CB 

Litton 


If  the  above  property  should  be  deleted  from  coverage  under  THE  LITTON  SELF  INSURANCE 
PLAN,  ten  (10)  days  written  notice  of  such  deletion  shall  be  sent  to  the  above  address 


LITTON  INDUSTRIES,  INC. 

jh  Crescent  Drive. Beverly  Hills.  California  90210 


Date_ 


5-22-75 


l2u3ryiVd 


P £• 


Director  of  Insurance 
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m AERO  PRODUCTS 

Litton 


3 June  1975 

In  reply  please  reference: 
MEM  75-00-1045 


Heterology  Research,  Inc. 

464  West  Woodbury  Road 
Box  637 

Altadena,  California  91001 
Attention:  Dr.  Bob  Davey 

Subject:  P.O.  43389-744,  Certificate  of  Completion 

Gentlemen: 

The  following  LTN-51  Inertial  Navigation  Equipment  was  leased  under  the 
subject  Purchase  Order  from  5/11/74  through  1 May  1973: 

One  (1)  ea.  Inertial  Navigation  Unit,  P/N  6o3450 

One  (1)  ea.  Control  Display  Unit,  P/N  663550 

One  (1)  ea.  Mode  Selector  Unit,  P/N  663570 

One  (1)  ea.  Battery  Unit,  P/N  500012-01 

One  (1)  ea.  Pallet  Assembly  & Cables,  P/N  452664-02 

This  is  to  certify  that  the  subject  Purchase  Order  is  complete  and 
that  all  of  the  above  listed  equipment  has  been  returned  to  Litton 
in  good  condition,  as  of  2 May  1975. 

Enclosed  rs  the  Certificate  of  Insurance  which  verifies  that  the 
equipment  was  covered  for  the  period  of  the  lease. 

If  we  can  be  of  additional  service  to  you,  please  contact  me  at 
(213)  887-3146. 


Very  truly  yours, 

LITTON  SYSTEMS,  INC. 
Aero  Products  Division 

Marjori^  Massey 
Contract  Administrator 


MM : dm 

Enclosure:  Certificate  of  Insurance 
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THIS  IS  TO  CERTIFY  that  LITTON  INDUSTRIES,  INC.  has  adopted  a plan  known  as 
THF.  I MTON  SEI.F  INSURANCE  PLAN  for  the  protection  of  its  subsidiaries  and  divisions  against 
all  risks  i»f  physical  loss  to  real  and  personal  propenv,  subject  to  a limit  of  $500,000  for  any  one  loss 
or  occurrence 

The  protection  provided  is  subject  to  the  terias  and  conditions  contained  in  the  description  of  THE 
LI  ri  ON  SELF  INSURANCE  PLAN  which  include  but  is  not  limited  to  the  perils  of  fire,  lightning, 
wind  and  had.  explosion,  aircraft,  vehicle,  smoke,  riot,  civil  commotion,  vandalism,  malicious  mischief, 
flood,  water  damage,  burglary,  theft,  transit  risks  ai  d perils  of  the  seas  as  defined  in  — 

fa)  American  Institute  Time  Hull  Form  January'  I,  1964 1 

fb)  American  Institute  Lake  Time  Hull  l'orm  (March  1,  1963) 

(c)  American  Institute  Time  Hull  Deductible  Avei age  Clause  (November  1,  1964) 

(d)  Collision  Clause,  including  Towers  and  Extended  Towers  Liability  Endorsement. 

THE  LITTON  SELF  INSURANCE  PLAN  includes  coverage  of  the  property  specifically  described  in 
the  lease  or  the  agreement  between  — 

AERO  PRODUCTS  DIVISION 
Litton  Systems,  Inc* 

and 


ffl 

Litton 


Meteorology  Research,  Inc, 
P.  0.  Box  637 

Altadena,  California  91001 


Description  of  Property 


Leased  LTN-51,  Battery  Unit  and  Pallet  Assembly. 
Coverage  from  5/31/74  to  5/1/75. 


RE:  P.  0.  No.  43389-744 


If  the  above  property  should  be  deleted  from  coverage  under  THE  LITTON  SELF  INSURANCE 
PLAN,  ten  ( 10)  days  written  notice  of  such  deletion  shall  be  sent  to  the  above  address 


n-,,,  December  18,  1974 


LITTON  INDUSTRIES,  INC. 

Crescent  Drive, Beverly  Hills, California  90210 

o -P 

Director  of  Insurance 
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DOCUMENTATION  OF  CITATION  FLIGHTS 


Date 

GMT 

Departure 

Time 

Flight 

No. 

Operation 

Supported 

Flight 

Authorization 

Flight 
T ime 
(hrs) 

4-2 

1950 

M-  003 

Holocamera 

R.  Cunningham 

1.0 

4-  10 

1424 

C-001 

Correlation  & 

V.  Plank 

2.7 

Calibration  with 
Navajo 


4-15 

1324 

S-  006 

SAMS 

V.  Plank 

2.  6 

4-  24 

1535 

C-002 

Instrument 
Check  Flight 

C.  Cullian 

1.3 

4-25 

1706 

C-003 

C-  130  Calibra- 
tion Flight 

R.  Cunningham 

1.  5 

4-28 

1810 

C-  004 

C-  1 30  /Navajo 
Calibration  Flight 

R.  Cunningham 

1.  3 

4-30 

1425 

N/A 

Ferry  Flight 

C.  Cullian 

7.  3 

5-  1 

1445 

N/A 

Ferry  Flight 

C.  Cullian 

2.7 

5-  10 

2015 

N/A 

Ferry  Flight 

C.  Cullian 

2.  7* 

* Equivalent  ferry  time  required  by  contract  to  ferry  aircraft  from 
Cable  Airport  to  Denver. 
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May  1,  1975 


[ 


i 

* 


Captain  Robert  Huston/SPAS 
Headquarters 
Defense  Nuclear  Agency 
Waohlngton,  r.  C.  20305 

Re:  Contract  DMA  001-75-C-0040-P0001 

Dear  Captain  Huston: 

It  Is  requested  that  a modification  be  Issued  to  permit  the  transfer 
of  $10,700  from  the  Fixed  Usage  charge  portion  to  the  Cost  and  Fee 
portion  of  the  referenced  contract. 

This  transfer  of  funds  does  not  require  a change  in  the  total  contract 
funds  (see  the  attached  schedule). 

The  reasons  for  this  request  are  as  follows: 

1)  The  total  number  of  Wallop's  missile  operations  floim 
were  less  than  originally  planned,  thereby  leaving  unused 
Citation  Aircraft  flight  funds.  Meteorology  Research, 
therefore,  at  the  direction  of  AFCRL,  flew  the  Citation 
Aircraft  in  support  of  Navajo/TWCI/Radar  correlation 
experiments . 

2)  The  cloud  physics  and  data  analyses  associated  with  the 
correlation  experiments  do  require  additional  funds.  These 
funds  are  available  in  the  Fixed  Use  charge  portion  of  the 
contract  under  the  Image  Analyzer  ($10,780).  These  Imago 
Analyzer  funds  are  not  required  because  as  3tatcd  in  Mull 
Report  75R-1.337,  the  image  equipment  has  not  been  of  sufficient 
value  to  warrant  use  for  analysis  of  the  replicator  data  as 
called  for  under  Task  "C",  Item  1. 

Your  early  approval  of  this  request  will  be  appreciated.  If  you  hava 
questions,  please  contact  me. 

Sincerely, 

METEOROLOGY  RESEARCH,  INC. 


R.  D.  Wiggins 

Vico  President  Adra.  & Finance 


RDW : rahh 
enc . 
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SUPPLEMENT  NO.  2 
DATA  SUMMARIES 


2-1  Data  Summary  MRI  75R-1325,  4 April  1975 
2-2  Data  Summary  MRI  75R-1295,  14  February  1975 
2-3  Data  Summary  MRI  75R-1332,  1 5 May  1975 

2-4  Data  Summary  MRI  75R-  1 357,  28  August  1975 

2-5  Data  Summary  MRI  75R-1358,  28  August  1975 

2-6  Data  Summary  MRI  75R-1359,  28  August  1975 


SUPPLEMENT  2-1 


Data  Summary  for  SAMS  V Operation 
9 January  1975 
by 

C.  Cullian 


First  issued  as  MRI  75R-  1325,  4 April  1975 
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1. 


INTRODUCTION 


This  document  contains  reduced  cloud  physics  data  acquired 
in  support  of  the  SAMS  operation  on  9 January  1975.  The  data  have 
been  reviewed  and  processed  in  accordance  with  the  procedures  indi- 
cated in  the  31  January  letter  from  Dr.  Barnes,  AFCRL.  The  letter 
is  included  in  Appendix  A for  reference. 

2.  MISSION  DESCRIPTION 

Two  TATER  vehicles  were  launched  from  Wallops  Island, 
Virginia,  at  0300  Z,  9 January  1975,  as  part  of  the  SAMS  V program. 

The  Meteorology  Research,  Inc.  (MRI),  Citation  supported 
the  test  by  flying  post-launch  radar  vectored  sampling  runs  at  FL  280 
and  FL  250.  After  takeoff  at  0206  Z,  the  Citation  crew  observed 
reasonably  uniform,  moderately  heavy  clouds  before  launch  time. 
However,  during  the  sampling  runs  the  clouds  began  to  break  up  and 
clear  air  was  encountered  during  much  of  the  time.  By  the  time  the 
Citation  was  in  position  for  a third  run  at  FL  220,  the  environment  was 
virtually  clear  air  and  the  crew  was  advised  by  WOCC  to  return  to 
Wallops  Flight  Center.  The  Citation  returned  to  base  at  0410  Z and 
down  loaded  the  sensing  and  data  logging  equipment. 

3.  EQUIPMENT  OPERATION 

All  sensor  systems  were  operational  during  the  flight  with  no 
apparent  anomalies. 

4.  REDUCED  PARTICLE  DATA 

Reduced  particle  count  data  from  the  Citation  flight  are  shown 
in  Appendix  B. 

The  data  presented  are  pass  averages  of  the  number  density 
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far  melted  equivalent  diameters  corresponding  to  each  size  channel  of 
the  spectrometer  probes.  In  addition,  the  pass  averages  of  the  water 
content  for  each  size  channel  for  the  three  spectrometer  probes  are 
presente  d. 

The  total  ice  water  content  was  computed  using  the  density 
table  shown  in  Appendix  C.  The  memorandum  included  in  Appendix  C 
was  sent  to  Dr.  R.  Cunningham,  AFCRL,  to  confirm  verbal  agree- 
ment on  crystal  type  and  the  corresponding  size-mass  relationships  to 
be  used  in  processing  the  data. 

The  latitude  and  longitude  interface  from  the  inertial  navi- 
gation system  was  not  functioning  during  the  test  runs;  therefore, 
nominal  location  values  of  30  “N  and  70  °W  appear  throughout  the 
printout. 

5.  AFCRL  DIGITAL  TAPE 

The  data  tape  accompanying  this  report  is  in  the  AFCRL 
format,  as  shown  in  Appendix  D,  and  provides  average  values  for 
each  six -second  period  during  the  sampling  runs. 
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LYC  (Or.  Barnes,  x-3^tt4) 


31  January  1975 


tltatlon/S/HS  beta  Required  by  . VCrtJL 


Ht^  S.  MSO/R.SSi;  (Cept  Plearcsyk) 

l.  The  following  in forma t ion  ji;  provided  lor  the  work  statement 
for  the  Mill  contract,  concerning  the  data  to  be  provided  to  FCRl. 
from  the  Citation  for  SAMS  V missions. 

a.  j FC&C  naada  the  fol lowing: 

(i ) In  real  time  while  the  Citation  la  making  measurement 
passea,  ehortly  before  or  after  the  mission. 

(a)  It  leant  two  data  checks  (GMT  time;  during  flight 
along  with  deviation  frou  WOCC  time  if  arty. 

(b ) Tima,  with  remarks  oa  the  weather,  on  peas  lag 
points  b and  K,  the  beginning  and  end  pointa  of  Che  passes. 

(c)  Altitude  ol  the  pass.  Pressure  altitude  with 
al cine ter  aat  to  29.92. 

(d)  General  couaents  on  tha  visually  obaarvad  weather. 

(a;  Whan  feasible  for  each  pass,  a sample  count  of  IMS 
channels.  This  would  be  specified  by  the  /FCRL  field  Director  from 
the  WOCC  and  would  usually  be  e visual  estimate  of  tha  average  one 
second  counts  In  channels  1 and  4 or  2 and  5 Of  tha  precipitation  probe. 
This  information  will  be  provided  on  request  only. 

(2J  In  order  to  eld  in  tha  preparation  of  tha  43  hour  TW., 
the  4 FCRi.  Field  Director  needs  by  36  hours  after  tha  shot  tha  foil  '"  ag: 

(a)  Times  (GMT)  of  the  beginning  and  ending  of.  each  ru?., 
Che  praaaure  altitude  of  the  run  and  an  indicated  temperature  and 
airspeed. 


(b)  Pertinent  comments  on  tha  obaarvad  weather  during 

the  flight. 

(c ) if  the  local  Salisbury  computer  can  be  used,  a print- 
out of  the  average  particle  coucenrrstion  per  channel  for  each  MS  probe 
(average  or  total)  for  each  pass  is  desired.  Particle  coeat  par  channel 
for  each  pees  could  be  supplied  in  li.au  of  the  above. 


nnr. 


A2-1.3 


(J)  The  degree  of  sucicsa  of  the  operation  at  aacl « 
u.ajor  pleca  oi  equipment  during  Che  flight,  i.».,  th«i  W*1  probna . 
foil.  replicator  end  temperature  probe.  it  ««».«  — - problem.  - 
• (tort  statement  of  the  u*tur«  of  tho  problem  t*  desirod. 

(3)  in  the  longer  ti.w  scalo.  It  if  requested  that  the  try.Lel 
habit  or  perc.nL  of  .oh  crystal  habit  identified  P«r  P—  be  dl.eu.Md 
with  / PCRL  b.for.  th«  further  processing  of  the  PMP  d*t.  t.pe*.  for 
thi.  purpose  the  foil  and  replicator  d.ta  should  be  examined  but  no 
extao.lv*  analysis  of  the.e  date  ere  presently  programed . 

(*)  the  catalog  of  shedov  length  to  «...  reiatlooahlp. 
that  ere  ueed  in  the  analyst,  of  Che  CMh  date  should  be  .upplled  to  /rCti.. 

Vb)  -fter  crystal  type  of  nix  per  past  ha*  bean  agreed 
to  by  /real,  and  MR  I the  Mi  raw  tape  date  should  be  tienelerred  to  a 
Rwajaleln  type  tape  and  thl.  tape  eent  to  / PCRL/LTC  to  arrive  «.!  3U  day. 
after  mission.  Cryetei  habit  or  percent  ulx  used  for  each  pees  ahould  bo 

included. 

(c)  A summary  listing  of  partlcla  concsntratloe  end  IWt 
per  peas  should  be  provided  similar  In  forest  to  that  tn  HR I report  on 
UgjsgT  n Is stem  on  25  March  1974.  report  dated  23  . prll  1974. 


RNUU)  A.  BJRMRb  , Jr.,  Act  lag  Chief, 
Convuctlve  Cloud  fhyslcs  Branch 
Meteorology  Laboratory 


ty  to;  DtL  (Cept  K.  Roue  ton) 
Mil  (Mr.  R.  Devey) 
SAKSO  (Mr.  J.  Hess) 

LY  (Dr.  R.  Cunningham) 
LYC  (Mr.  M.  Glees) 
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APPENDIX  C 

TECHNICAL  MEMORANDUM 

Ice  crystal  density  ratios  to  be  used  in  Citation  flights 
on  9 and  20  January  1975 


13  March  1975 


Technical  Memorandum 

To:  R.  Cunningham  (AFCRL) 

From:  D.  M.  Takeuchi  (MR1) 

Subject:  Ice  crystal  density  ratios  to  be  used  in  Citation  flights  on 

9 and  20  January  1975. 


As  discussed  in  our  phone  conversation,  the  Citation  PMS  measure- 
ments taken  on  9 and  20  January  at  Wallops  Island  will  be  reduced  using 
the  size-mass  relationships  for  bullet  rosettes. 

enclosed  is  a density  table  which  will  be  used  for  computing  mass 
for  each  of  the  45  PMS  channels.  The  factors  represent  the  ratio 
between  the  mass  of  a particle  in  a particle  size  bin  to  the  mass  of  a 
spherical  droplet  with  a diameter  equal  to  the  bin  size  that  is: 


Density  Ratio  = 


Particle  Mass 


J-  (Channel  Size)' 
o 


Note  that  a constant  density  ratio  is  assumed  for  particles  larger 
than  200  microns.  This  is  in  contrast  to  the  use  of  an  analytic  function 
such  as  that  of  lleymsfield  and  Knollenberg  (1): 


mass  (gm)  = 1.65 


10"B  ^ 


length  (mm)] 


The  difference  results  from  the  colder  temperatures  experienced 
during  most  Citation  sampling  missions.  Clouds  in  high  altitude  environ- 
ments have  been  found  to  contain  a preponderance  of  bullet-rosettes. 
Recent  work  by  lleymsfield  (2)  has  shown  that  the  constant  density  ratio 
is  more  appropriate  in  such  cases. 

It  is  understood  that  the  data  will  not  be  reduced  until  your  written 
approval  (signature  on  Table)  is  received  here  at  MRL 


C2-1  .2 


E eferenccs 


1.  Heyrnsfield,  A.  J.  and  E.  G.  Knollenberg,  1972:  Properties  of 

cirrus  generating  cells,  J . Atmos . Sc  i.  , 2 9 , 1358-1374. 

2.  Heyrnsfield,  A.  J.,  1973:  The  Cirrus  Uncinus  Generating  Cell 

and  the  Evolution  of  Cirriform  Clouds,  Ph.  D.  Thesis, 

U of  Chicago. 


XSITY  TABLE  FOR  CITATION  PROCESSING 


BUF  WORD 
NUM  HER 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


PAR  AM  ETER 
77  7 7. 

I DATE 
ITIME 
NSEC 

TAS  (m / sec) 

PRES  (mb) 

ALT  (km) 

TEMP  (*C) 

ASP  Water  Content  (gm/m  ) 

CPS  Water  Content  (gm/m3) 

PPS  Water  Content  (gm/m3) 

ASP  Radar  Reflectivity  (mm6/m3) 

CPS  Radar  Reflectivity  (mmr’/m3) 

PPS  Radar  Reflectivity  (mm6/m3) 

ASP  Total  Counts 

CPS  Total  Counts 

PPS  Total  Counts 

Latitude  (Deg) 

Longitude  (Deg) 

Not  11  sed 

ASP  No,  Density  (No/m3) 

CPS  No.  Density  (No/m3) 

PPS  No.  Density  (No/m3) 

Total  Water  Content  (gm/m3) 

Total  Radar  Reflectivity  (mml’/m3) 
Total  Number  Density  (No/m3) 


DING  PAG3 


D2-1 . 3 


BLANK-30T  FILMS 


27 

1 .a  r p,  e s t particle  M/.i' 

2H 

Average  DPS  particle-  size 

29 

Not  Used 

30 

Not  Used 

31-75 

Number  Density  for  size  channels 
1-4  5 (No/m3  1 

71-100 

Counts  for  size  channels  1 

121-165 

Water  Content  for  size  channels  1-45 
(pm/m3) 

166-2  10 

Melted  equivalent  diameter  for  size 
channels  1-45  ( pj.  ) 

SUPPLEMENT  2-2 


Preliminary  Data  Summary  for  HEART  Operations 
20  January  1975 
by 

C.  Cullian 
R.  Davey 


First  issued  as  MRI  75R-  1295,  14  February  1975 
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1. 


INTRODUCTION 


This  document  contains  reduced  cloud  physics  data  acquired 
in  support  of  the  HEART  operation  on  20  January  1 975.  The  data  have 
not  been  lully  analyzed  and  integrated  and  signifii  ant  changes  in  certain 
values  should  be  anticipated  in  future  reports  based  upon  a more  com- 
prehensive analysis.  Of  particular  significance  is  the  use  of  nominal 
size- mass  relationships  in  the  computation  of  ice  water  content  values. 
These  relationships  may  undergo  substantial  changes  to  reflect  the 
crystal  mix  determined  from  foil  replicas.  Crystal  typing  is  inherently 
time  consuming  and,  therefore,  could  not  be  completed  soon  enough  to 
be  incorporated  in  this  report. 

2.  DETAILED  MISSION  DESCRIPTION 

2.  1 Mission  Synopsis 

An  Athena  C Vehicle  was  launched  from  Wallops  Island, 
Virginia  at  2000Z,  20  January  1975,  as  part  of  the  DNA  HEART 
(Hydrometeor  Erosion  and  Recession  Test)  Program. 

The  MRI  Citation  supported  the  test  by  conducting  twe  flights 
into  an  elongated  storm  system  situated  along  the  East  Coast  from 
Florida  to  New'  England  and  extending  more  than  300  miles  offshore. 

The  first  Citation  mission  was  called  to  acquire  pre- launch 
sampling  information  along  a path  lying  east  of  Norfolk,  Virginia. 

This  mission  was  interrupted  when  the  Litton  LTN-51  Inertial 
Navigation  System  on  the  Citation  experienced  a complete  program 
interrupt.  The  Citation  returned  directly  to  Wallops  Flight  Center 
and  landed  at  approximately  1615Z. 
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The  takeoff  for  the  second  mission  was  delayed  54  minutes 
y a comi  ination  of  eq  :iprnent  and  personnel  problems.  The  Citation 
ar-i  • i at  an  adjusted  standby  point  at  2012Z  and  proceeded  directly  T 
the  re.  n:  . region.  Sampling  runs  were  conducted  from  2022  Z untd 

Z.  at  altitudes  from  FL350  down  to  FL250.  The  acquisition  of  data 
sva^  se  riously  impaired  by  anomalous  performance  of  the  IMS  which 
placed  the  Citation  west  of  the  desired  sampling  location  on  all  runs. 

After  the  c ompletion  of  the  sampling,  the  Citation  proceeded 
to  Nantucket  Island,  Massachusetts, where  it  landed  at  21522. 

Several  problems  were  encountered  with  the  sensor  systems 
during  the  mission.  The  Formvar  Replicator  acquired  no  data 
because  of  a transport  malfunction.  The  other  sensor  problems  did 
not  materially  affect  the  data  acquisition. 

Steps  have  been  taken  to  correct  all  equipment  malfunctions 
and  to  formalize  preflight  procedures  to  assure  proper  coordination  of 
crew  activities  curing  the  mission  countdown. 

2 . 2 V-  . -other  Surveillance  Mission 

A weath.-r  surveillance  mission  was  requester!  by  Dr.  R 1 rt 
Cunningham  of  AFC  RT  at  about  1430Z.  Clearance  to  operate  in 
' arning  Area  W 386  was  given  by  Mr.  William  Lord  and  the  air<  raft 
was  readied  for  departure.  Engines  were  started  at  about  1500Z. 

In  response  to  a request  from  NASA  personnel,  radio  checks 
a fated  while  the  Citation  taxied  to  the  runway.  Some  difficulty 
i(  rienced  reading  Wallops  Plot  on  6982  KHZ.  Continuous  radio 
>y  the  NASA  radio  operator  precluded  the  transmission  of  a 
i clearance  to  the  Citation  until  approximately  1515Z. 


After  takeoff,  the  Citation  flew  east  across  W-  386  to  about 
10,000  feet,  then  reversed  course  back  towards  Wallops  Island  until 
above  FL220.  The  climb  was  continued  to  above  FL300  on  an  easterly 
heading.  During  the  climb,  clouds  were  encountered  from  2,000  feet 
until  9,  000  feet  and  from  about  FL220  upward.  The  upper  cloud  layer 
was  relatively  sparse. 

After  the  climb,  the  Citation  was  instructed  to  proceed  to  the 
southeast  corner  of  W386  and  then  track  westward.  During  the  transit 
across  W 386,  the  LTN-51  INS  experienced  a program  interrupt  which 
resulted  in  the  loss  of  all  navigation  data.  Since  the  LTN-51  is  the 
only  source  of  overwater  position  information,  the  Citation  immediately 
returned  to  Wallops  Flight  Center.  During  the  descent,  clouds  were 
encountered  at  all  levels  from  FL340  down  to  1,000  feet  above  the 
surface.  The  descent  was  made  inbound  on  the  120°  radial  of  the 
Snow  Hill  VOR  starting  approximately  50  miles  out. 

The  Citation  landed  at  about  1630Z  and  was  immediately 
refueled  and  readied  for  the  primary  sampling  mission,  then  scheduled 
for  a 1900Z  takeoff.  Discussions  were  initiated  with  personnel  from 
Litton  Aero  Products  as  to  the  cause  of  the  INS  malfunction,  x'tv 
system  was  realigned  and  several  tests  were  initiated,  but  the  opera- 
tion appeared  entirely  normal.  The  Litton  representatives  were 
unable  to  provide  any  reason  for  the  malfunction  or  any  suggestions 
for  corrective  action. 

At  1710Z,  an  announcement  was  made  over  the  hangar  loud- 
speakers that  the  launch  had  been  rescheduled  for  2030Z.  On  this 
basis,  the  Citation  crew  members  left  for  lunch  at  1720Zwith  the 
under  si  anding  that  they  would  return  at  1820  for  a I 930Z  takeoff. 
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Sampling  Mission 


2.  i 

Th-  Citation  t rew  returned  at  1 825Z  and  was  informed  that 
their  desired  departure  time  was  1830Z  to  support  a 1(,30Z  launch. 

\j  reflii-d  : procedures  were  immediately  initiated  inc  luding  the  align- 
ment of  the  INS.  By  the  expected  alignment  time  (about  1845  7.1,  all 
preparations  had  been  completed  and  arrangements  had  been  made  for 
a flight  plan  to  be  filed  by  Mr.  William  Lord  of  NASA.  However,  the 
INS  alignment  sequence  had  not  proceeded  normally  and  the  status  was 
v ;ng  in  the  early  program  stages.  The  sequence  was  restarted  at 
about  1850/  and  proceeded  normally  through  the  initial  steps,  but  was 
delayed  in  the  final  alignment  stages.  Stabilization  was  finally 
achieved  at  about  10157  and  the  Citation  taxied  for  takeoff.  A further 
. , o r delay  for  the  receipt  of  an  F A A clearance  resulted  in  a takeoff 
time  of  19247,  54  minutes  after  the  desired  departure.  As  a result 
of  this  delay,  the  launch  was  rescheduled  for  20007. 

Shortly  alter  takeoff,  the  Formrar  Replicator  transport  was 
f .und  to  be  inoperative.  Although  the  flight  could  have  been  aborted 
and  corrective  action  taken,  the  loss  of  the  sensor  was  judged  less 
r;  ...  a]  than  the  additional  delay  and  a decision  was  taken  to  continue 
ii-,e  fiivht.  Communication  checks  during  the  climb  indicated  normal 
performance  of  all  radios.  A GMT  timecheck  was  completed  and 
oordinates  were  received  for  a revised  standby  point  (N38-21.4, 

W iQ-  45.0)  on  69 8 Z KHZ.  A preliminary  ETA  of  2010  w as  given  for 
the  new  standby  point.  Clearance  information  was  received  on  VHF 
charm  Is  from  both  Wallops  Plot  and  the  FAA  Centers. 

After  leveling  at  FL350  and  establishing  maximum  cruise 
the  ETA  for  the  standby  point  was  revised  to  2012Z.  Instruc- 
. re  received  and  acknowledged  to  cross  the  point  no  earlier 
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than  201  1 Z.  A clearance  to  descent  to  FL250  was  also  received  from 
Wallops  Plot  during  this  time  period. 

During  the  climb,  clouds  were  encountered  at  all  altitudes. 
Shortly  after  level  off,  however,  the  Citation  entered  an  area  of 
relatively  clear  air.  The  visibility  at  FL350  was  at  least  five  miles 
and  an  undercast  with  tops  about  10,000  feet  below  was  clearly  .isible. 
As  the  Citation  continued  east,  clouds  were  again  encountered  at 
FL350,  but  only  for  a few  minutes.  Shortly  before  crossing  the 
standby  point,  the  Citation  entered  virtually  clear  air  with  unlimited 
visibility  at  FL350  and  a thin  haze  below.  The  undercast  was  again 
easily  seen  and  breaks  in  the  undercast  were  evident.  Further  east 
near  the  reentry  area,  the  undercast  became  solid,  but  conditions 
above  it  remained  unchanged.  A very  thin  haze  existed  at  all  altitudes 
with  visibility  ten  miles  or  greater.  No  high  level  clouds  could  be  seen 
east  or  south.  However,  an  extensive  cloud  structure  was  evident  to 
the  north  with  identifiable  layers  extending  up  to  at  least  FL3  30. 


The  sample  mode  of  the  INS  was  selected  at  20:06:25  (i.  e.  , 
385  seconds  after  liftoff).  A pierce  point  was  received  at  about  2015 
and  all  remaining  storm  following  information  was  entered  into  ; 
LTN-51.  The  system  was  activated  to  provide  an  intercept  for  the 
FL350  sample  run.  The  run  was  started  at  20:21:44  on  an  easterly 
heading,  1.5  minutes  prior  to  the  predicted  intercept  time.  The 
remaining  sample  runs  were  made  in  accordance  with  the  HEART 
operations  plan  (i.  e.  , every  2,  000  feet  descending  with  three  minute 
legs).  During  the  runs,  particle  counts  were  noted  only  up  to  the 
10  or  12  micron  channels  until  below  FL270.  The  20  micron  channel 
of  the  CPS  showed  evidence  of  stray  counts  and  numerous  data  checks 
were  indicated  by  the  Data  Acquisition  System.  Some  minor  problems 


wire  experienced  in  following  the  INS  intercepts  because  tbe  first 
run  had  been  made  downwind  rather  than  crosswind.  This  caused  the 
runs  to  be  made  slightly  east  of  the  intercept  points.  After  the  com- 
pletion i die  FL250  run,  it  became  evident  that  the  Citation's 
po.sdion  was  considerably  too  far  west.  Subsequent  tests  of  the  INS 
softw  are  indicated  that  it  was  malfunctioning  and  generating  erroneous 
intercept  points. 

Clearance  was  received  from  Wallops  Plot  to  proceed  to 
Haddock  intersection  and  the  data  acquisition  was  terminated.  Shortly 
after  unloading  the  magnetic  data  tape,  the  main  powe  r fuse  blew  out 
in  the  Data  Acquisition  System. 

The  Citation  continued  north  from  Haddock  and  landed  at 
Nantucket  Island  at  2152Z.  After  refueling,  the  Citation  returned  to 
V.  allops  Flight  Center,  arriving  at  about  0130Z,  21  January.  All  data 
were  downloaded  and  packaged  for  shipment  to  MRI. 

On  21  January,  the  magnetic  tape  was  successfully  duplicated 
and  sample  records  were  dumped.  This  confirmed  the  anomalies 
evidenced  during  the  sampling. 

SUMMARY  OF  ANOMALIES  AND  CORRECTIVE  ACTIONS 

Program  Interrupt  of  LTN-51 

During  the  weather  surveillance  mission,  the  system  warning 
light  illuminated  on  the  CDU  and  all  display  information  disappeared, 
p interrogation  modes  were  tried,  but  no  information  w as  displayed, 
stem  was  placed  on  standby  and  then  back  on  align.  Normal 
ons  were  evident,  although  the  motion  of  the  aircraft  precluded 
nment. 
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After  landing,  a normal  alignment  of  the  system  was  accom- 
plished and  all  functions  appeared  normal  in  both  modes. 

No  satisfactory  explanation  has  been  given  by  Litton  for  the 
abnormal  performance.  A replacement  IMU  has  been  received  from 
Litton  Aero  Products  and  it  operates  normally  in  all  modes.  The 
original  IMU  will  be  returned  to  Litton  for  analysis  and  repair.  It  is 
significant  to  note  that  the  LTN-5I  on  the  P-3A  experienced  an  identical 
failure  east  of  Norfolk  at  about  1600Z.  The  P- 3A  IMU  is  also  being 
returned  to  Litton  Aero  Products  for  evaluation. 

3 . 2 Late  Takeoff  on  Sampling  Mission 

3.  2.  1 Crew  Coordination 

The  misunderstanding  on  the  part  of  the  MRI  crew  members 
concerning  the  launch  time  indicates  the  need  for  improved  communi- 
cation between  the  launch  control  center  and  the  Citation  captain.  It 
was  anticipated  that  the  crew  would  remain  in  the  launch  control  room 
from  at  least  T-3:00  until  the  beginning  of  the  final  aircraft  preparation 
at  T-2:00.  This  plan  was  precluded  by  the  weather  reconnaissance 
mission  and  the  resulting  INS  problems.  During  the  period  wl  e a 
final  launch  time  was  being  determined,  the  crew  was  involved  with 
refueling  and  discussing  the  INS  malfunction  with  Litton.  As  a re  - J 
the  adjustment  of  the  launch  time  from  2000Z  to  1930Z  was  not 
communicated.  The  situation  was  made  worse  by  the  incorrect  loud- 
speaker announcement  of  a 1 530  launch  time. 

In  the  future,  the  Citation  crew  must  remain  in  the  Launch 
Control  Center  from  T-3:00  until  they  start  final  preflight  preparations. 
The  Citation  takeoff  window  is  extremely  narrow  because  of  fuel 
limiiations  and  any  delay  or  misunderstanding  will  have  a direct  impact 
on  the.  mission. 
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A checklist  lias  been  prepared  for  the  Citation  captain  which 
will  preclude  further  problems  of  this  type.  Of  particular  importance 
is  th<  notification  of  the  DMA  mission  director  at  T-3:00  of  the  planned 
takeoff  time  based  on  desired  arrival  time  at  the  standby  point  and 
1“  recast  winds.  Any  serious  misunderstanding  should  become 
immediately  evident.  The  complete  checklist  is  given  in  Appendix  A„ 

■■  2.  2 INS  Alignment 

The  extended  alignment  is  evidence  of  a system  malfunction. 
The  newly  received  1ML  exhibits  no  alignment  problems. 

3.2.3  F AA  Clearance  Delay 

Although  great  care  has  been  taken  to  coordinate  the  clearance 
requests  with  the  FAA,  some  time  may  elapse  between  the  final 
request  for  a specific  flight  path  and  takeoff  time  and  the  receipt  of  a 
clearance.  To  assure  the  Citation  minimum  impact,  a preliminary 
clearance  will  be  filed  by  the  captain  at  T-  3:00  in  accordance  with  the 
preflight  checklist.  Revisions  will  be  requested  as  required  should 
the  launch  azimuth  or  takeoff  time  be  changed.  The  final  request  for 
learance  will  he  accomplished  by  the  Citation  captain  30  minutes 
prior  to  the  scheduled  takeoff  time. 

Formvar  Replicator  Transport  Failure 

A power  lead  fell  off  the  main  transport  motor.  The  lead  has 
been  repaired  and  all  leads  to  the  transport  and  tension  motors  have 
been  recrimped  and  tested.  The  replicator  was  successfully  ground 
tested  after  the  completion  of  the  repairs. 


CPS  Extraneous  Counts 


3.  4 

The  first  two  channels  of  the  Cloud  Particle  Spectrometer 
showed  counts  of  several  hundred  at  times  when  counts  in  all  other 
CPS  channels  and  corresponding  ASP  channels  were  zero.  The  mal- 
function was  caused  by  poor  alignment  of  the  laser  and  associated 
optics.  The  probe  has  been  aligned  and  tested  and  is  now  operating 
normally. 

3.  5 Storm  Intercept  Following 

Minor  difficulties  were  encountered  in  following  the  intercept 
directions  from  the  INS  because  the  initial  leg  was  oriented  downwind 
as  a result  of  the  revised  sampling  point  location.  The  completion  of 
the  turn  after  the  second  (i.  e.  , upwind)  leg  placed  the  Citation  virtually 
over  the  intercept  point  for  the  third  leg  and  the  resulting  sample  leg 
was  slightly  east  of  the  intercept  point.  Figures  l.a  and  l.b  show  the 
coordinates  of  the  points  in  the  middle  of  each  sample  leg.  This 
problem  will  not  occur  under  normal  conditions  (i.  e.  , flying  nearly 
south  from  the  standby  point  with  west  winds),  but  the  initial  intercept 
can  be  offset  slightly  to  assure  a crosswind  track  whenever  neces--  cry. 
The  Citation  captain  has  been  briefed  about  this  revision  in  the 
procedure  for  using  the  storm  track  mode.  A practice  flight  will  be 
conducted  on  3 February  1975  to  assure  proficiency. 

3.  6 Reciprocal  Storm  Motion 

As  shown  in  Figures  l.a  and  l.b,  the  INS  generated  intercept 
points  on  the  reciprocal  of  the  storm  motion  vector  (i.  e.  , 250°  rather 
than  070c).  This  is  indicative  of  the  system  malfunction  which  was 
found  to  be  a software  problem.  The  newly  received  IMU  operates 
prof  . ly. 
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ampling  points  to  target  sector 


The  malfunction  brings  up  an  important  point  concerning  the 
.'term  motion  vector.  The  INS  is  programmed  to  accept  a true  headin' 
and  airspeed  for  the  storm  motion  (i.  e.  , movement  from  west  to  east 
i 0‘)0.0°).  The  values  transmitted  by  the  mission  meteorologist  were 
in  reciprocal  headings.  This  could  lead  to  confusion,  particularly  when 
hanges  are  made  during  the  mission.  The  procedure  should  require 
the  transmission  of  the  values  that  are  actually  to  be  loaded  into  the 
INS,  namely  the  storm  vector  heading  to  0.  ! degrees  (e.  g.  070.0)  and 
the  velocity  in  knots. 

. 7 Data  Acquisition  System  Krror  Signals 

During  the  initial  climbout,  numerous  data  checks  were 
generated  by  the  Kennedy  tape  recorder  indicating  incorrec  t loading  c •' 
data  from  the  buffer  memory.  The  tape  was  stopped,  rewound,  and 
restarted,  but  the  error  checks  continued  for  the  first  . 5 minutes  of 
operation.  Subsequent  processing  of  the  data  tape  showed  numerous 
parity  errors.  The  system  was  cleaned  and  tested  with  a different  tape 
and  showed  normal  operation.  The  most  probable  cause  of  this  problc-  o 
was  a dirty  or  scratched  tape. 

3.  8 Data  Acquisition  System  Fuse  Failure 

The  8 ampere  slow- blow  main  power  fuse  on  th  Da  A 
t:  n .System  blew'  out  shortly  after  the  completion  of  samp,  me 

.•.•nation  revealed  that  the  fuse  had  gradual!  m ten 

power  drain  has  been  measured  to  insure  that  the  fusin 
marginal.  An  appropriate  replacement  fuse  has  been  installed, 
replac  ement  fuse  rating  has  been  increased  1c  avoid  tdual  mdmg 
from  occasiornd  minor  overloads. 
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4.  SUMMARY  OF  ACQUIRFD  DATA 

4 . 1 Particle  Replication 

Foil  replicas  were  acquired  at  all  altitudes.  No  Formvar 
replicas  were  acquired. 

4 . 2 Particle  Count  Data 

Particle  count  data  were  acquired  at  all  altitudes.  The  20  and 
40  micron  CPS  channel  data  are  incorrect.  This  problem  has  been 
isolated  and  repaired.  The  data  from  these  channels  is  not  reflected 
in  the  following  ice  water  contents. 

4 . 3 Flight  Condition  Data 

Flight  condition  data  were  acquired  at  all  altitudes. 

5.  SUMMARY  OF  METEOROLOGICAL  CONDITIONS 

The  data  acquired  by  the  Citation  sensor  systems  indicates 
that  the  aircraft  descended  through  very  sparse,  very  small  ice  crystal 
haze  from  FL350  to  FI. 270.  Although  the  data  were  acquired  far  from 
the  reentry  region,  visual  observations  at  FL350  made  within  15  miles 
of  the  reentry  corridor  indicate  that  similar  conditions  existed  al  g 
the  reentry  path.  During  the  descending  turn  after  the  FL.550  sample 
run,  the  region  east  of  the  aircraft  position  had  only  a thin  haze  ah  ' e 
the  lower  cloud  deck.  Visual  observations  from  the  P- 3A  during  the 
FL240  sample  run  confirm  this  conclusion.  The  observer  reported 
breaks  in  the  clouds  at  FL240  during  which  the  sun  was  visible  above 
as  a defined  disc.  Although  the  visual  observations  are  hardly  a 
substitute  for  proper  data,  in  this  case  they  may  allow  reasonable 
confidence  in  an  ice  water  content  profile  reconstructed  from  the  P-3A 
data. 
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reduced  particle  data  count 
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Reduced  particle  count  data  from  the  Citation  are  shown  in 
' Appendix  R.  The  computed  ice  water  content  profile  agrees  quali- 

tatively with  visual  observations,  namely,  that  the  particle  content 
was  very  sparse  between  flight  levels  350  and  270. 

The  data  presented  are  pass  averages  of  number  density  for 
each  spectrometer  probe  size  channel  and  the  resulting  total  ice  water 
[■  1 content  assuming  bullet  rosette  crystals.  It  should  be  noted  that  the 

locations  at  which  data  were  acquired  became  increasingly  far  removed 
f from  the;  desired  sampling  position  as  the  sampling  progressed  w ith 

the  final  sampling  level,  FL250,  being  72  nautical  miles  from  the 
[ desired  point  (see  Figure  1). 

| 7.  CONCLUSIONS 

The  sparse  cloud  conditions  in  the  reentry  area  indicate  a 
| possible  need  for  a last-minute  environment  evaluation.  The  Citation 

flight  profile  should  be  modified  to  allow  transit  through  the  reentry 
point  at  about  T-.TO  to  determine  cloud  tops  and  intensity  just  before 
tl  ' launch.  The  Citation  would  then  proceed  to  the  standby  point, 
arriving  between  T- :5  and  T-:l. 
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Citation  captain  is  notified  of  possible  weather  surveillance 
mi  ssion 

Takeoff  for  surveillance  mission 

Latest  possible  landing  from  surveillance  mission 

Citation  captain  gets  probable  launch  azimuth  from  ii.i-.sion 
weather  director  (Dr.  Cunningham  of  AFCRL).  Citation 
captain  prepares  flight  plan  using  forecast  winds  to  determine 
takeoff  and  recovery  times 

Citation  captain  files  probable  flight  plan  with  FAA  Washington 
Center  as  follows: 

Climb-on-course  from  Wallops  Flight  Center  to 
Standby  Point.  Sampling  runs  in  100  nm  radius 
of  nominal  pierce  point  from  FL350  to  FL250 
for  40  min.  Recovery  at  Nantucket  Island,  Mass. 

Citation  captain  notifies  DNA  mission  director  (Mr. 

Rubenstein)  of  planned  takeoff  time 

Citation  captain  receives  final  azimuth  from  mission 
weather  director.  If  necessary,  the  flight  plan  will  be 
modified  and  resiled  with  the  FAA.  The  new  plannee: 
takeoff  time  will  be  given  to  the  DNA  mission  director 

Citation  systems  operator  initiates  INS  alignmer, 
performs  systems  p re  flight 

Citation  systems  operator  delivers  aircraft  and  equipr  nt 
status  report  to  DNA  mission  director 

Citation  captain  requests  ATC  clearance 


Citation  departs  Wallops  Flight  Center 

Citation  reports  ETA  for  Standby  Point  to  Wallops  Plot 
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Citation  reports  at  Standby  Point 

Citation  captain  requests  clearance  to  descend  to  lov,  < 
sampling  altitide  (usually  1 L-50) 

Wallops  Plot  transmits  Pierce  Point  to  Citation 

Wallops  Plot  Clears  Citation  to  sample  area 

Citation  begins  sample  runs 
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PRELIMINARY  ENVIRONMENT  DATA 
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1.  INTRODUCTION 

This  document  contains  reduced  cloud  physics  data  acquired 
m support  of  the  SAMS  operation  on  7 March  1975.  The  data  have 
been  reviewed  and  processed  in  accordance  with  the  procedures  de- 
scribed in  Report  Number  MRI  75  R-I325. 

2.  MISSION  DESCRIPTION 

The  Citation  cloud  physics  research  aircraft  flew  in  support 
of  i SAMS  operation  on  7 March  1975.  The  Citation  departed  from 
Wallops  flight  center  at  1930Z  and  landed  at  2206Z.  Sampling  runs 
were  conducted  at  FL280  from  2120Z  until  2124Z,  at  FL250  from 
2130Z  until  2140Z  and  at  FL180  from  2151Z  until  2154Z. 

At  FL280,  the  temperature  was  -32  degrees  C.  Cloud  cover 
was  continuous  but  varying  in  intensity.  The  airspeed  during  the  run 
was  between  116  and  120  KIAS. 

At  FL250,  the  temperature  was  -26  degrees  C and  cloud 
cover  was  also  continuous  but  not  uniform.  The  airspeed  varied  from 
120  to  124  KIAS. 

After  one  minute  of  the  FL180  run,  the  Citation  entered  clear 
air.  The  temperature  was  -10  degrees  C and  the  airspeed  was  120 
KIAS. 

3.  EQUIPMENT  OPERATION 

Data  were  collected  by  all  sensors  except  the  foil  replicator, 
however,  extraneous  counts  were  recorded  on  the  first  four  channels 
of  both  the  CPS  and  ASP  probes. 


•* 

r* 


4. 


RED  DC!  1)  PARTICLE  DATA 


Reduced  particle  data  from  the  Citation  flight  are  .Town  n 
Appendix  A. 

The  data  presented  are  pass  averages  of  the  numb,  r density 
for  molted  equivalent  diameters  orresponding  to  each  siz<  channel  of 
:trometer  probes,  with  the  exception  of  the  first  four  cha  nels 
of  the  cloud  and  axially  scattering  probes.  In  addition,  the  pass 
av<  l-  ges  of  the  wafer  content  for  these  size  channels  are  presented. 

The  counts  for  the  first  four  channels  of  the  ASP  and  CPS 
have  been  set  to  . . ro  due  to  the  momolous  counts  which  appeared  ir 
the  raw  data. 

The  total  water  content  was  computed  using  the  density  table 
shown  in  Appendix  B.  The  memorandum  included  in  tins  appendix  was 
sent  in  Dr.  U . C i nj  ham,  AFCRL,  to  confirm  verbal  agreement  >n 
crystal  type  and  the  corresponding  size-mass  relationship  t<  >e  u d 
in  processing  tin:  data. 

5.  AFCRL  DIGITAL  TAPK 

The  data  ’ ape  accompanying  this  report  is  in  the  Ai  • 
format,  as  shown  in  Appendix  C,  and  provid.  c >e  at 
lata  1 h >f  the  sampling  - 
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File  910  414  1493 


Dr.  Robert  Cunningham  (I.Y) 

Air  Force  Cambridge  Research  Labs 
Laurence  G.  Ilanscom  Field 
Bedford,  Massachusetts  01730 


Dear  Bob: 

As  discussed  during  our  phone  conversation  on  7 April,  the  Citation 
PMS  measurements  taken  on  March  7,  1975  will  be  reduced  using  the 
size-mass  relationships  for  bullet  rosettes  and  spatial  dendrites: 

Run  1 at  28  k ft,  - 32C  - Bullet  Rosettes 

Run  2 at  25  k ft,  - 26C  - Bullet  Rosettes 

Run  3 at  18  k ft,  - 12C  - Spatial  Dendrites 

The  density  ratio  table  of  bullet  rosettes  used  for  the  data  on  9 and  20 
January  will  be  used  for  the  first  two  runs  while  the  enclosed  ratios 
will  be  used  for  the  spatial  dendrites  for  Run  3.  For  the  scattering 
(2  - 30  n m)  probe  measurements,  the  ratios  employed  for  the  bullet 
rosettes  will  be  used.  For  the  cloud  and  precipitation  probe,  the 
density  ratios  are  based  upon  the  following  equivalent  water  diame  r 
(d)  vs  measured  size  (L)  relationship. 

d (mm)  = 0.308  L(mm)0*783 

Density  Ratio  = 2.  92  X 10  3 / L (mm) 

Processing  will  commence  after  receipt  of  your  written  approval. 

Sincerely, 

v 

D.  M.  Takeuchi 
Research  Scientist 

D M i : nw 

cc:  : ,iold  Barnes-AFCR  L(LYC) 

Enel. 
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Citation  Flight  on  March  7,  1975 


Run  #1  - Bullet  Rosettes 
Run  #2  - Bullet  Rosettes 
Run  #3  - Spatial  Dendrites 


DENSITY  TABEE  FOR  SPATIAL  DENDRITES 


CPS 

Size 

(M) 

Density 

Ratio 

PPS 

Size 

(M> 

Density 

Ratio 

20 

0.  273 

200 

0.0833 

40 

0.  237 

400 

0. 0530 

60 

0.  182 

600 

0.0407 

80 

0.151 

800 

0. 0338 

100 

0.  131 

1000 

0. 0292 

120 

0.  116 

1200 

0.  0259 

140 

0.  105 

1400 

0. 0235 

160 

0. 0963 

1600 

0.  0215 

180 

0. 0892 

1800 

0.019  ; 

200 

0. C833 

2000 

0.0136 

220 

0. 0782 

2200 

0.0’ 73 

240 

0. 0739 

2400 

0.  0 Lj5 

260 

0. 0702 

2600 

0. 01 57 

280 

0. 0669 

2800 

0.0  49 

300 

0. 0639 

3000 

0.0143 

A -opr  o ve  d 
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HUE  WORD 
NUM  1MJH. 


I’ A RAM  !■:  1 KR 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


7777. 

IDAT  E 
ITIME 
NSEC 

TAS  ( m/sec ) 

PRES  (mb) 

ALT  (km) 

TEMP  (°C) 

ASP  Water  Content  (pm/m  ) 

CPS  Water  Content  (pm/m'*) 

PPS  Water  Content  (pm/m3) 

ASP  Radar  Reflectivity  (mm'/m  ) 

CPS  Radar  Reflectivity  (mm’/nf) 

PPS  Radar  Reflectivity  (mm  /m3) 

ASP  Total  Counts 

CPS’  Total  Counts 

PPS  Total  Counts 

Latitude  (Dep) 

Longitude  (Deg) 

Not  Used 

ASP  No.  Density  (No/m3) 

CPS  No.  Density  (No/m3) 

PPS  No,  Density  (No/m3) 

Total  Water  Content  (gm/m3) 

Total  Radar  Reflectivity  (mmP/m3) 
Total  Number  Density  (No/m3) 


27 
2 8 

29 

30 


31-75 


7o- 1 Zu 

121-165 


1 .a  r pe  s t p.i  rlu  1 ■ ■ ■ i *• 

Avcr.i|;t'  ID'S  parto  If  size 
Not  Used 
Not U sod 

Number  Density  for  .size  channels 
1-4  5 (No /m  ) 

Counts  fur  size  channels  1-4? 
Water  Content  for  size  channel  I- 
(gm/m3) 

Molted  equivalent  diameter  : hr  iz 
channels  1-4  5 ( ) 


166-210 


Data  Summary  for  SAMS  V Operation 
15  April  1975 


C.  Cullian 
S.  Thomas 


k.  . 


First  issued  as  MRI  75R-1357,  28  August  1975 
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report  particle  data 

5.  AFCRL  DIGITAL  TAPE 

APPENDIX  A 

APPENDIX  B 

APPENDIX  C 

APPENDIX  D 


2-  1 . ) 

A2  l . : 
B2-  1 . 
C2-4  . 
D2-  I . 1 


1.  INTRODUCTION 

This  document  contains  reduced  cloud  physics  data  acquired  in  sup- 
port of  the  SAMS  operation  of  IS  April  1975.  These  data  have  been  re- 
viewed and  processed  in  accordance  with  the  procedures  described  in  Re- 
port Number  MR1  75  R- 1 125. 

2.  MISSION  DESCRIPTION 

The  Citation  cloud  physics  research  aircraft  flew  in  support  of  a 
SAMS  operation  on  15  April  1975.  The  Citation  departed  from  Wallops 
Flight  Center  at  1324  /.  and  landed  at  1605  Z.  Sampling  runs  were  con- 
cluded at  FL  320  from  1464  Z to  1458  Z at  FL  290  from  1 507  Z to 
IS  |0  /.,  at  FI.  250  from  1518  Z to  1521  Z. 

At  FL  320,  the  temperature  was  -40  degrees  C,  and  airspeed  during 
the  run  varied  from  128  to  132  KIAS. 

At  FL  290,  the  temperature  was  -33  degrees  C,  and  airspeed  during 
the  run  varied  from  123  to  127  KIAS. 

At  FL  250  the  temperature  was  -25  degrees  C,  and  airspeed  during 
the  run  varied  from  124  to  128  KIAS. 

All  runs  were  made  in  heavy  clouds  and  moderate  to  heavy  icing. 
Turbulence  was  observed  at  all  levels. 

5.  EQUIPMENT  OPERATION 

Data  were  collected  by  all  sensors  except  the  formvar  film,  due  to 
heavy  icing  at  the  probe  inlet.  The  foil  replicator  operated  at  FL  320  and 
FL  250.  While  the  holocamera  operated  at  all  levels,  it  was  not  monitored 
by  tin  BMS,  therefore  no  firing  times  are  available. 

4.  T EDUCED  PARTICLE  DATA 


Reduced  particle  data  from  the  Citation  flight  are  shown  in  Appen- 


dix A. 
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r-  * 

m 

I'lii'  data  presented  are  pass  averages  of  the  number  dens  t\  r 
' e'  ted  equivalent  diameters  corresponding  t.  each  sizi  channel  tl  . 
spent  r meter  probes.  In  addition,  the  pass  averages  of  the  v-  ate  r c outen 
; r these-  size  channels  are  presented. 

t Due  to  rapid  descent  the  probe  mir rors/windows  clouded  vvhe  tin  ir 

1 'perature  fell  below  the  dew  point.  This  condition  then  existed  lh  r<  • - 

it  pass  number  two,  FL  290,  and  pass  number  three,  FL  250,  and  ren- 
der, d the  data  unsuitable  for  processing.  Information  regarding  th.  > on  - 
dition  is  presented  in  Appendix  B. 

Fhc'  total  wate  r content  was  computed  using  the  density  tabh  shown 
. .\ppendix  C,  as  stipulated  in  th.<  conversation  of  3 May  1975  hi  ■ n 
1 » Ileymsfield  and  Dr.  R.  Cunningham. 

AFCRL  DIGITAL  TAPE 

The  data  tape'  accompanying  this  report  is  in  AFC.RB  format,  as 
• 1 'Wn  in  Appendix  D,  and  providers  one -second  values  of  the  data  fa!  en 
during  sampling  run  number  one. 
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3 July  1975 
910  424  1493 


M*  1.*  V 4'(  .• 

Bo*  c>y  *::«V  rui 
( 4 V 

rlione  il3  h I Hj  1 


Dr.  Robert  Cunningham  (I.YC) 

Air  Force  Cambridge  Research  Dabs 
Laurence  CD  Hanscom  Field 
Bedford,  Massachusetts  01730 


Dear  Bob: 

Chuck  Cullian  asked  me  to  review  PMS  data  taken  by  the  Citation  c 
the  coa  t of  Wallops  Islam,  on  15  April  1 975.  T.u-  aircraft  made  three 
pas.-  the  first  initiating  at  32.0  k ft,  the  second  after  descen  .ing  to 
29.0  k ft,  then  the  third  at  25.0  k ft.  Data  for  Pass  1 looks  qi'  ln 
a cc<  ' able.  Data  from  the  descent  from  level  (1)  to  level  (2)  looks 
accept.  ble  until  29.4  k ft.  After  this  tin  o,  it  is  apparent  that 
condensation  occurred  on  the  lenses  of  the  probe,  reducing  the  lie 
leva  1 .-.nd  causing  extremely  high,  erroneous  counts.  This  cor.di  -.  c'e 
began  vaporizing  due  to  lust!  from  the  heater  at  the  be  ming  r 
: : wa s stil  ■ rt  bscuring  th<  ght  level,  g is  . ' . 

erroneous  count:  , through  to  the  end  of  the  pass. 

Additional  condensate  formed  on  the  lenses  during  the  tlesc  ' et  .• 
levels  (2)  and  1 3).  ibis  condensation  was  apparently  very 
1 3 . < ling  very  high,  err oneoi  1 c mints. 

The  net  ' esult  of  n y review  of  the  data  was  II-  Pass 
but  data  for  the  last  two  passes  is  me  .him  < - 1 mi  nat 

wonl  11  1 a data  tape  for  all  three  p,.  ses,  but  1 1 eve  t . n 

a co  pletely  useli  ;s  effort  except,  for  Pa:  1 . 

Pleas  advise  u on  this  matPr. 

ameer  ely, 

(io'dUj 

Andr  e-.v  T . ID  n:  fj  i Id 
Rest  a 1 Sc  i st 

/'  1 1 :liw 
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ID  ATE 
ITIME 
NSEC 

TAS  (m/ sec) 

PRES  (mb) 

ALT  (km) 

TEMP  (’C) 

ASP  Water  Content  (gm/m3) 

CPS  Water  Content  (gm/m3) 

PPS  Water  Content  (gm/m3) 
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Not  U sed 

ASP  No.  Density  (No/m3) 

CPS  No.  Density  (No/m3) 

PPS  No,  Density  (No/m3) 

Total  Water  Content  (gm/m3) 

Total  Radar  Reflectivity  (mm'  /m3) 
Total  Number  Density  (No/m3) 
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INTRODUCTION 


This  document  contains  reduced  cloud  physics  data  acquired  in 
support  of  the  correlation  operation  on  25  April  1975,  After  review  the  data 

have  been  processed  in  accordance  with  the  procedures  set  forth  in 
Report  Number  MRI  7 5 R-1  325. 

2.  MISSION  DESCRIPTION 

The  Citation  cloud  physics  research  aircraft  flew  in  support  of  a 
correlation  operation  on  25  April  1975.  The  Citation  departed  from  Wallops 
Flight  Center  at  1905  Z and  landed  at  approximately  2040  Z. 

A sampling  run  was  conducted  at  FL  180  from  2008  Z to  2018  Z 
at  a temperature  of  -7°C  and  airspeed  between  118  and  122  K1AS.  Cloud 
cover  varied  in  intensity,  but  was  continuous. 

3.  EQUIPMENT  OPERATION 

All  sensors  were  functional  and  collected  data.  However,  the 
Formvar  replicator  had  to  be  reset,  due  to  jamming  which  occurred 
approximately  5 minutes  into  the  run. 

4.  REDUCED  PARTICLE  DATA 

Reduced  particle  data  from  the  Citation  flight  are  shown  in  Appen- 
dix A. 

The  data  presented  are  pass  averages  of  the  number  density  for 
melted  equivalent  diameters  corresponding  to  each  size  channel  of  the 
spectrometer  probes.  Additionally,  the  pass  averages  of  the  water  con- 
tent for  these  size  channels  are  presented. 

The  total  water  content  was  computed  using  the  density  table  shown 
in  Appendix  B.  The  memorandum  included  in  this  appendix  confirms  the 
verbal  agreement  on  crystal  type  and  the  corresponding  size-mass  rela- 
tionships to  be  used  in  processing  the  data. 
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APPENDIX  A 


AVERAGE  VALUES  FOR  SAMPLE  RUN 
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AVERAGE  'OTAL  IWC  .C6790  G* I CU  M STANDARD  DEVIATION  .059*5  GK/CU 


Dr.  Robert  Cunningham  ( LY ) 

Air  Force  Cambridge  Research  Labs 
Laurence  G.  Hanscom  Field 
Bedford,  Massachusetts  01730 

Dear  Bob: 


25  May  1975 
File  910  414  1493 


Maiimc  •40rrj-, 

fcji  b5".  *i:*te*» 
C«iif  ^'001 
PK®«  . 3 791  '901 


As  discussed  on  23  May,  the  Citation  PMS  measurements  taken  on  tl 
following  dates  will  be  processed  using  the  following  size-mass  rela 
ships. 


April  25  1975 


Run  ill  at  13  k ft  -7C  spatial  dendrites  and  snow  aggregates 


Density  table  as  indicated  in  letter  of  7 April  1975  for 
run  // 3 at  -12C. 


April  2 8 197  5 

Run  #2  at  16  k ft  -4C  snow  aggregates  and  spatial  dendrites 


Density  table  as  indicated  in  letter  of  7 April  197  5 for 
run  //  3 . 


Run  If  1 at  Ilk  ft  3C  melting  snow 

Density  ratios  of  1.0  for  particles  less  than  or  oq-  1 to 
0.  9 mm. 

For  particle  sizes  larger  than  0.  . mm,  the  frtic.o  ran 
arc  based  upon  the  following  equivalent  water  ..  u ; ( 
vs  measured  size  (1.)  r clationship. 

d (mm)  = 1.07  L (mm)  0,653 

Density  Ratio  = 1.22504  L (mm)-1  * 041 


Citation  Flight  on  2 5 April  197  5 

Run  ft  1 Spatial  Dendrites  and  Snow 


m 


Citation  Flight  on  28  April  1975 
Run  //I  Wet  Snow 

Run  ft 2 Spatial  Dendrites  and  Snow 


DENSITY  TABLE  FOR  WFT  SNOW 


Channel  No. 


Size  (mm) 


Density  Ratio 


l 

0.  2 

1.0 

2 

0.4 

1.0 

3 

0.  6 

1.0 

4 

X 

• 

o 

1.0 

5 

1.0 

1.22504 

6 

1.2 

1. 01327 

7 

1.4 

0. 863042 

8 

1 . 6 

0. 751039 

9 

1.8 

0. 664374 

10 

2.  0 

0. 595359 

1 1 

2.2 

0. 539125 

12 

2.4 

0.492438 

13 

2.6 

0.453069 

14 

2.  8 

0.419430 

1 5 

3.0 

0. 390363 

A pprovec 


All  of  the  above  constitu  tiaJt  echnical  input  under  the  terms  and  conditions  of 
contract  DNA  001-75-C-0040.  None  of  the  abovi?  implies  any  changes  in  the  scope, 
terms,  conditions  or  price  of  the  contract.  / 


/uKl 
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Citation  Flight  on  March  7,  1975 


Run  #1  - Bullet  Rosettes 
Run  #2  - Bullet  Rosettes 
Run  #3  - Spatial  Dendrites 


DENSITY  TABLE  FOR  SPATIAL  DENDRITES 


CPS 

Size 

w 

Density 

Ratio 

PPS 

Size 

(M) 

Density 

Ratio 

20 

0.  273 

200 

0.0833 

40 

0.  237 

400 

0. 0530 

60 

0.  182 

600 

0.  0407 

80 

0.  151 

800 

0. 0338 

100 

0.131 

1000 

0. 0292 

120 

0.  116 

1 20C 

0. 0259 

140 

0.  105 

1400 

0.  O?!*' 

160 

0. 0963 

1600 

0.  021 j 

180 

0. 0892 

1800 

0.1199 

200 

0. 0833 

2000 

0.0  16 

220 

0. 0782 

2200 

240 

0. 0739 

2400 

o.r 

260 

0. 0702 

2600 

0.  G i t 

280 

0. 0669 

2800 

0.  0. 

300 

0. 0639 

3000 

0.  O’  ‘ 

Approved Date 
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j 


w 


nur  word 

NUMRLR 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


PAR  AM  1.  1 LR 
7777. 

IDATE 

ITIME 

NSEC 

TAS  (m/  sec ) 

PRES  (mb) 

ALT  (krn) 

TEMP  (*C) 

ASP  Water  Content  (gm/m3) 

CPS  Water  Content  (gm/m3) 

PPS  Water  Content  (pm/m3) 

G i 

ASP  Radar  Reflectivity  (mm  /nV  I 

CPS  Radar  Reflectivity  (mm°/m3) 

PPS  Radar  Reflectivity  (mniVm3) 

ASP  Total  Counts 

CPS  Total  Counts 

PPS  Total  Counts 

Latitude  (Dep) 

Longitude  (Dep) 

Not  U sed 

ASP  No.  Density  (No/m3) 

CPS  No.  Density  (No/m3) 

PPS  No.  Density  (No/m3) 

Total  Water  Content  (pm/m3) 

Total  Radar  Reflectivity  (rmr/Vm3) 
Total  Number  Density  (No/m3) 


27 


28 

29 

30 

31-75 

71-100 

121-165 

166-210 


l.argest  parti i le  s*/*c 
Average  l’PS  particle  size 
Not  Used 
Not  U sed 

Number  Density  for  s i z e channels 
1-4  5 (No/m3  ) 

Counts  for  size  channels  1-4? 

Water  Content  for  size  channels  1-45 
(pm/m3) 

Melted  equivalent  diameter  for  size 
channels  1-45  ( u ) 


SUPPLEMENT  2-6 


Data  Summary  for  Correlation  Operation 
28  April  1975 


C.  Cullian 
S.  Thomas 


First  issued  as  MRI  75R-  1359,  28  August  1975 


2-6 . 1 
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1.  INTRODUCTION 

This  document  contains  reduced  cloud  physics  data  acquired  in  sup- 
port of  the  correlation  operation  on  28  April  1975.  After  careful  review, 
the  raw  data  were  processed  in  accordance  with  the  procedures  described 
in  Report  Number  MRI  75  R-1325. 

2.  MISSION  DESCRIPTION 

TheCitation  cloud  physics  research  aircraft  flew  in  support  of  a cor- 
relation operation  on  28  April  1975.  The  Citation  departed  from  Wallops 
Flight  Center  at  1810  Z and  landed  at  1933  Z.  Sampling  runs  were  con- 
ducted at  FL  110  from  1906  Z to  1913  Z,  and  FT  1 60  from  1920  Z to 
1924  Z. 

During  the  first  pass  at  FL  110  the  temperature  was  4°C  and  cloud 
cover  was  not  uniform.  The  airspeed  varied  from  122  to  126  KIAS. 

During  the  final  pass  at  FL  160  the  temperature  was  -4rC  and  the 
airspeed  varied  from  118  to  122  KIAS. 

3.  EQUIPMENT  OPERATION 

All  sensors  were  functional  and  collected  data. 

4.  REDUCED  PARTICLE  DATA 

Reduced  particle  data  from  the  Citation  flight  are  shown  in  Appen- 
dix A. 

The  data  presented  are  pass  averages  of  the  number  density  for 
melted  equivalent  diameters  corresponding  to  each  size  channel  of  the 
spect  crime  ter  probes.  Additionally  the  pass  averages  of  the  water  content 
for  these  size  channels  are  presented. 


I 
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raC 


The  total  wato  r content  was  computed  using  the  density  table  shown 
in  Appendix  B.  The  letter  confirming  the  verbal  agreement  on  the  crys  il 
type  and  the  corresponding  size-mass  relationships  to  be  used  in  pro- 
cessing the  data  is  also  enclosed  in  Appendix  B. 

AFCRL  DIGITAL  J APE 

The  data  tapi  accompanying  this  report  is  in  the  AFCRL  format, 
us  shown  in  Appendix  C,  and  provides  one-second  values  of  the  data  taken 
during  each  of  the  sampling  runs. 
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25  May  1975 
l-'ile  910  414  1493 


Mrll.I.I  »0'’  t& 

C«l  ' 

Hho.  ji'j  yji  r*oi 


Dr.  Robert  Cunningham  ( FY  ) 

Air  Force  Cambridge  Research  Labs 
Laurence  G.  Ilnnscom  Field 
Bedford,  Massachurdts  01730 

Dear  Bob: 

As  discussed  on  23  May,  the  Citation  PMS  measur cmcnls  taken  on  Inc 
following  dale:;  will  be  processed  using  the  following  siac-mass  rci.atior,- 
sliips. 


April  21-  1 9 7 b 

Run  !!  1 at  18  k ft  -7C  spatial  dendrites  and  snow  aggrep;  te: 

Density  table  as  indicated  in  letter  of  7 April  1975  Lr 
run  // 3 at  - 1 2 C. 

April  2 8 197  5 

Run  fiZ  at  1 6 k ft  -4C  snow  aggregates  and  spati,  i der.e 

Density  table  as  indicated  in  letter  of  t April  1975  for 
run  //  3. 

Run  Jl  at  11  k ft  3C  melting  snow 

Density  ratios  of  1.0  for  particle:,  le  than  n cip.  i 
0.  9 mm. 

For  particle  sir.es  larg  r than  0.  '•  nm, 
are  based  upon  the  following  oi.uiv  ilcnt 
vs  measured  siae  (L)  relationship. 

d (mm)  = 1.07  1 (mm)0,ti!  3 

Density  Ratio  - 1.22504  1 (mm)  J 
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Citation  Flight  on  2 8 April  197  5 


Run  Hi  Spatial  Dendrites  and  Snow 


Citation  Flight  on  2 8 April  197  5 
Run  If  1 Wet  Snow 

Run  ft 2 Spatial  Dendrites  and  Snow 

DENSITY  TABLE  FOR  WET  SNOW 


Channel  No, 


Size  (mm) 


Density  Ratio 


1 

0.2 

1.0 

y 

0.4 

1.0 

3 

0.  6 

1.0 

4 

o 

• 

cc 

i.O 

5 

1.0 

1.22504 

6 

1.2 

1. 01327 

7 

1.4 

0. 863042 

8 

1 . 6 

0. 75103d 

9 

1.8 

0. 664374 

10 

2.  0 

0. 595359 

1 1 

2.2 

0. 539125 

12 

2.4 

0. 492438 

13 

2.6 

0,  453069 

14 

2.  8 

0.419430 

1 5 

3.0 

0. 390363 

/? 


n 


! 


A pprovei  1 { u \Ouu.f 


Date 


All  of  lie  above  consti tut  LI  echoic a I input  under  the  terms  and  condi  tl>  ns 
contrat ( DMA  0 01-73-C-0040.  None  of  the  above  implies  any  changes  in  thi  i 
terms,  conditions  or  price  of  the  contract. 


fi  n<L 


of 

ope , 
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Citation  Flight  on  March  7,  1975 


Run  #1  - Bullet  Rosettes 
Run  #2  - Bullet  Rosettes 
Run  #3  - Spatial  Dendrites 

DENSITY  TABLE  FOR  SPATIAL  DENDRITES 


CPS 

Size 

<4> 

Density 

Ratio 

PPS 

Size 

(M) 

Dens  ity 
Ratio 

20 

0.  273 

ZOO 

0.0833 

40 

0.237 

400 

0.0530 

60 

0.  182 

600 

0.  0407 

80 

0.  151 

800 

0. 0338 

100 

0.  131 

1000 

o.  0292 

120 

0.  116 

1200 

0.  025"< 

140 

0.  105 

1400 

0. 023b 

160 

0. 0963 

1600 

0.021 5 

180 

0.0892 

1800 

0.  <'199 

200 

0.0833 

2000 

0.0186 

220 

0.  0782 

2200 

O.Ci  7b 

240 

0.0739 

2 ' 00 

0. 1 5 

260 

0.0702 

ZiO' 

280 

0.0669 

?B00 

0,01- 

300 

0. 0639 

3000 

J.  1 . J 

A pproved 


Date 
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BUT  WORD 

niim  her 


PARAM  II  I Kit 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 


7777. 

I DATE 
ITIME 
NSEC 

TAS  (m/ sec) 

PRES  (mb) 

ALT  (km) 

TEMP  (*C) 

ASP  Water  Content  (gm/m3) 

CPS  Water  Content  (gm/m3) 

PPS  Water  Content  (gm/m3) 

ASP  Radar  Reflectivity  (mmC/m3) 

CPS  Radar  Reflectivity  (mmc/m3) 

PPS  Radar  Reflectivity  (mm6/m3) 

ASP  Total  Counts 

CPS  Total  Counts 

PPS  Total  Counts 

Latitude  (Deg) 

Longitude  (Deg) 

Not  U sed 

ASP  No.  Density  (No/m3) 

CPS  No.  Density  (No/m3) 

PPS  No.  Density  (No/m3) 

Total  Water  Content  (gm/m3) 

Total  Radar  Reflectivity  (mm'Vm3) 
Total  Number  Density  (No/m3) 
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